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ABSTRACT

Chemical excipients used in topical formulations may be toxic to living skin cells. Here, we compared the in vitro
toxicity of some common solubilizing excipients against human melanoma cells, human keratinocytes (HaCaT)
and primary skin fibroblasts (FB) as examples of cancerous, immortalized and primary human skin cells, often
used as experimental models representative of in vivo conditions. Two distinct endpoint assays (3-(4,5-Dimethyl-
thiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) and crystal violet (CV)) were used. The mechanism of cell
death after excipient exposure was assessed through Reactive Oxygen Species (ROS) production, cell membrane
integrity and cell cycle progression. Results showed that the surfactants, Labrasol®, Labrafil® and Transcutol®,
were less toxic than Triton X-100 (a model irritant) in all cell types whereas the oil, Labrafac®, was non-toxic.
The human melanoma WM 164 cell line showed the greatest sensitivity toward cytotoxicity after chemical expo-
sure, while the other cell lines were more resistant. The relative excipient cytotoxicity responses observed in the
MTT and CV assays were comparable and similar trends were seen in their estimated 50 % inhibitory concentra-
tion (ICsp) values. DNA fragmentation by flow cytometry after exposing the cells to ICsy concentrations of the
excipients showed negligible apoptotic populations. ROS production was increased in all cell types after toxic
exposure; however, ROS elevation did not lead to apoptosis. The toxicity profiles of each excipient are not only
relevant to their use in formulating safe topical products but also in the potential synergistic efficacy in the topical
treatment of melanoma.
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INTRODUCTION

Products applied to the skin for therapeu-
tic, cosmetic, or other purposes must be rigor-
ously assessed for safety (FDA, 2020), partic-
ularly for adverse effects such as skin irrita-
tion and allergic reactions. Toxicity may be
due to direct effects of formulation ingredi-
ents or be caused by degradation products fol-
lowing processes initiated by heat (Nguyen et
al., 2022), pH (Das and Wong, 2020) or light
(Ioele et al., 2021; Kowalska et al., 2021;
Kryczyk-Poprawa et al., 2019). The initiation
of toxic degradation products by light expo-
sure is a major issue in skin formulations and
can affect multiple components, including ac-
tives and excipients (inactive ingredients that
are included to meet the essential physical,
microbiological, chemical and biopharma-
ceutical needs of the final formulation). Fur-
thermore, other factors including the wave-
length and intensity of light, pH, temperature,
and concentration can affect the outcome of
the degradation process (Kryczyk-Poprawa et
al., 2019). It is recommended that all ingredi-
ents in products applied to the skin, including
excipients, be tested for photostability
(Kowalska et al., 2021). On the other hand,
excipients are commonly selected to protect
active components from the effects of photo-
degradation and limit  phototoxicity
(Baertschi et al., 2015; Das and Wong 2020;
Ioele et al., 2021; Kryczyk-Poprawa et al.,
2019).

The potential effects of topical excipients,
including skin irritation and allergic reactions
(Charmeau-Genevois et al., 2021; Coloe and
Zirwas, 2008; Osterberg and See, 2003), and
their impacts on therapeutic skin target cells
(Kalasz and Antal, 2006; Nogueira et al.,
2011), whether desirable or undesirable, have
received relatively less attention, compared to
the effects of active drugs. This work concen-
trates on that aspect by examining the direct
effects of four of the most commonly used
topical excipients.

An understanding of both the mechanisms
of action and the toxicity profiles of excipi-
ents is important during formulation develop-
ment and general safety evaluation of a

product. Skin irritation and sensitization have
now been described for a range of topical
product excipients, including the skin irri-
tancy of solvents, mineral oils and surfactants
(Barbaud et al., 2011; Patrick et al., 1985). Of
particular interest are surfactants, the most
commonly used excipients in topical formula-
tions (Kumar Sharma et al., 2021), where they
act as solubilizers of lipophilic compounds
and stabilizers of multiphase systems that en-
hance the topical bioavailability of active
compounds. As well as being irritant, topical
surfactants may also lead to skin dryness and
itchiness (Barany et al., 1999, 2003).

Generally, the extent of skin irritation
caused by a given surfactant is related to its
concentration and physicochemical proper-
ties. Anionic surfactants are widely recog-
nized as strong irritants of human and animal
skin and sodium dodecyl sulphate (SDS) is
broadly applied as a model irritant in skin tox-
icity investigations. On the other hand, non-
ionic surfactants are considered to have the
least irritant potential, making them a major
class of excipients used in pharmaceutical
products (Effendy and Maibach 1995). SDS is
used in topical formulations to increase skin
penetration of an active drug, however the
safe concentrations should be considered
(Aungst et al., 1986). Labrasol®, Labrafil®
and Transcutol® are excipients incorporated
as solvents or co-solvents, separately or in
combination, to enhance penetration of topi-
cal drug formulations (Fini et al., 2008;
Senyigit et al., 2009; Zhao et al., 2011). These
compounds cannot be considered as non-toxic
excipients in pharmacology or toxicology as-
sessments when administered to the human
body through different routes (Budden et al.,
1979).

Currently, the mode of action by which
surfactants cause skin irritation is not com-
pletely understood. In general terms, possible
mechanisms include (i) a direct impact on li-
pids and proteins of the stratum corneum, (ii)
action on living cells of the epidermal layer to
cause cell death or change their proliferative
capability and (iii) interaction with various
components of the dermal layer to release
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mediators causing inflammatory responses
(Rhein et al., 1990). A range of mechanisms
has been invoked for direct cytotoxicity
caused by surfactants or other toxic sub-
stances, based on the different in vitro end
point assays and toxicants used. It is unlikely
that a single mechanism of cytotoxicity will
apply in all cases and more research using dif-
ferent classes of toxicants, cell types and
standardized end point assays is required. Cy-
totoxic responses may result from interaction
with a target molecule to affect gene tran-
scription and expression during signal trans-
duction, leading to cellular dysfunction. Sig-
nificant alterations in normal cell functioning
can cause cell injury or death (Gregus, 2008).
Xenobiotics could activate signalling path-
ways from the receptors located on cell mem-
brane to transcription factors in the nuclease
influencing transcription of the genes that are
responsible for regulation of cell cycle. Some
signals activate cell cycle arrest resulting in
apoptosis (Gregus, 2008).

Cytotoxic responses can also be exploited
for cancer therapy, which can work through
two methods of action; by stimulation of
apoptosis and by direct toxicity (Gerl and
Vaux, 2005; Pfeffer and Singh, 2018). There-
fore, information about cell death regulation
and the cell cycle checkpoint is important in
developing therapeutic agents and cancer
treatments. Presently, the influence of cell cy-
cle checkpoint regulation to induce synergis-
tic cell death enhancement is unidentified.
Therefore, additional study on checkpoint re-
traction and checkpoint arrest, as a mean to
improve the cytotoxic effects of chemother-
apy 1s required (Tyagi et al., 2002).

To comply with the topical drug safety
rules, pre-clinical safety evaluation studies
are required (Pugsley et al., 2008). A common
strategy is to collect toxicity information of
all ingredients, including inactive excipients,
before incorporating them into the final prod-
ucts for human use applications (Fischer et
al., 2003; Nogueira et al., 2011). Previously,
dermal toxicity was evaluated by monitoring
the effects of exposure to a test chemical on
the skin of animals, commonly known as the

Draize skin irritation test (Draize, 1944).
However, from 2009 only in vitro tests have
been permitted in the European Union to val-
idate the safety of new cosmetic ingredients
for the skin applications (EC, 2009). Ethical
issues and regulatory difficulties associated
with animal testing, in addition to some dis-
advantages of animal models have encour-
aged researchers to develop alternative in
vitro methods for predicting potential hazard-
ous effects of chemical permeants for scien-
tific and industrial applications (Robinson et
al., 2002). Much of the works have been to-
wards a new approach more strongly justified
in human biology such as measuring the in-
trinsic cytotoxic effects of pure chemicals,
mixtures and formulations on cells in culture
(Andersen and Krewski, 2009; Goldberg and
Frazier, 1989). Since the reliance on a single
assay can be associated with a risk of inaccu-
rate interpretation, a battery of methods based
on different mechanisms is usually performed
simultaneously to evaluate the toxic (and pre-
sumably) irritant effects of chemical com-
pounds on cultured cells as an alternative to
animal tests (Benavides et al., 2004; Osborne
and Perkins, 1991; Sanchez et al., 2006).
Several end-point assays for testing cyto-
toxicity in cell culture are available. The as-
sessment of cell proliferation rate as a meas-
ure of cell viability (Martinez et al., 2006) is
commonly performed using the 3-(4,5-Dime-
thylthiazol-2-yl)-2,5-diphenyl  tetrazolium
(MTT) assay, which is based on the mito-
chondrial activity of living cells resulting in
reduction of the yellow tetrazolium salt MTT
to insoluble purple formazan crystals
(Mosmann, 1983). Crystal violet (CV) stain-
ing is another cytotoxicity assay that is used
to assess the proliferation rate of cells after
exposure to chemical substances by measur-
ing the total DNA mass of viable cells that ad-
here to the cell culture plate (Feoktistova et
al., 2016). The CV assay was shown to pro-
vide reliable results in studying the effects of
chemotherapeutics or other compounds on
cell survival and growth inhibition of cancer
cell lines (Emran et al., 2018). In many cancer
cells, reactive oxygen species (ROS) are
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produced by mitochondria as a response to
toxicity and overproduction of ROS can carry
cells into oxidative stress, causing damage to
cellular proteins, DNA and lipid elements and
consequently increasing cell death cells
(Perillo et al., 2020). Intercellular ROS can be
detected by the use of an uncharged and non-
fluorescent probe, Dihydrorhodamine 123
(DHR). DHR can passively enter cells where
it is oxidized by mitochondrial ROS to pro-
duce Rhodamine 123 (R123), a positively
charged, green fluorescent dye that can then
be detected as it accumulates in the mitochon-
dria (Kiani-Esfahani et al., 2012). Finally,
toxicity can be assessed in vitro by evaluating
the cell membrane permeability based on the
uptake of dyes such as trypan blue. Trypan
blue penetrates and stains dead cells a dark
blue color when cellular membrane integrity
is compromised, while viable cells remain un-
stained with a clear appearance surrounded by
a refractile ring. This method only distin-
guishes live from dead cells and cannot dif-
ferentiate between healthy cells and cells that
are alive but have impaired cellular function
(metabolically inactive) (Stoddart, 2011).

As noted above, in vitro cell culture as-
says can provide useful pre-clinical infor-
mation about the cytotoxicity of substances,
including formulation excipients. However,
in order for the results to be applicable to hu-
mans, a direct correlation between in vitro and
in vivo findings is required. In the absence of
such a correlation, in vitro cell culture assays
may still be useful for screening purposes
(Dhawan and Kwon. 2018). A number of
studies have found cell culture to be suitable
as a primary model for establishing the der-
mal irritancy level of chemical substances.
For example, irritancy screening for valproate
performed in HaCaT cell culture gave compa-
rable results to those from subsequent skin
patch testing (Choi et al., 2013).

Sanchez et al., used cell viability measure-
ment on HaCaT cells as an in vitro model to
predict the potential skin irritation of several
pharmaceutical excipients, including surfac-
tants (Sanchez et al., 2006), while Korting
studied the irritancy potential of surfactants

using in vitro cytotoxicity assays based on hu-
man keratinocytes, HaCaT cells and mouse fi-
broblasts and compared the results to those
from in vivo soap chamber assays (Korting et
al., 1994). Overall, it is believed that using in
vitro systems to detect primary cellular re-
sponses may assist to predict toxic responses
in vivo.

An early study measured the cytotoxicity
of substances on human cell cultures by dif-
ferent endpoint assays and compared the re-
sults with the human skin patch test. The re-
sults indicated a close correlation of the dose-
responses for the endpoint assays and the hu-
man patch test following exposure to the
tested chemicals. These outcomes illustrate
the validity of human skin cell cultures and of
cell viability, and cytotoxicity as endpoints,
for the in vitro assessment of skin irritancy
(Osborne and Perkins, 1994). Later on, other
studies developed models to compare the re-
sponses from toxicity in vitro and skin in vivo
with good correlation (Benassi et al., 2003;
Wilhelm et al., 2001). Another study assessed
the skin irritation potential of surfactants in in
vitro human skin fibroblast cells by Alamar
Blue and in vivo by the human skin patch test.
A close relationship was seen between the
cellular Alamar Blue assay and the human
patch test, with r=0.867. These results sup-
ported the proposal that in vitro end point as-
says could be used to predict the irritancy
level of various surfactants in humans (Lee et
al., 2000).

The goal of the present work was to inves-
tigate the potential cytotoxicity of some com-
mon pharmaceutical excipients, chosen previ-
ously as ingredients in self-emulsifying mi-
croemulsion formulations in an ongoing pro-
gram to develop for effective topical anti-can-
cer treatments (Forouz et al., 2020), and to
compare the sensitivity of two endpoint meas-
urement methods in cancer and non-cancer
cell lines. In doing so, we exploited our
knowledge of mechanisms involved in exert-
ing toxicity and cell death after treatment by
excipients in the tested cell lines. The toxic
effects of these excipients, known to have var-
ious enhancement properties for topical
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delivery, were investigated on three different
human melanoma cell lines and two normal
human cell lines (keratinocytes and primary
fibroblasts) by measuring cell viability using
two different biological assays. To learn more
about the mechanism of cell death induced by
the excipients, cell membrane integrity was
tested, reactive oxygen species (ROS) was
measured, and cell cycle progression was an-
alyzed.

MATERIALS AND METHODS

Chemical and reagents
3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyl
tetrazolium (MTT), crystal violet solution,
Triton X-100, and dimethylsulphoxide
(DMSO) were purchased from Sigma—Al-
drich (St. Louis, MO, USA). RPMI 1640,
Dulbecco’s modified Eagle’s medium
(DMEM), and fetal bovine serum (FBS),
phosphate buffered saline (PBS), trypsin—
EDTA solution (170,000 U/l trypsin and
0.2 g/l EDTA), and penicillin—streptomycin

Table 1: List of tested excipients

solution (10,000 U/ml  penicillin  and
10 mg/ml streptomycin) were purchased from
Gibco® (Australia). The culture flasks and
multiple-well  plates were from Corn-
ing® Costar®. All the reagents and solvents
were analytical grade.

Surfactants and other tested excipients

Labrasol® (caprylocaproyl macrogol-8-
glyceride/ Caprylocaproyl Polyoxyl-8 glycer-
ides), Labrafil® M 1944 CS (oleoyl polyoxyl-
6 glycerides/ Oleoyl macrogol-6 glycerides),
Transcutol® CG (diethylene glycol mo-
noethyl ether), Labrafac® (Propylene glycol
dicaprylocaprate). All these excipients were
purchased from Gattefosse (St. Priest,
France). Propylene glycol and Ethanol were
purchased from Sigma—Aldrich (St. Louis,
MO, USA). All excipients used as procured
without further purification. A list of the
tested excipients with some of their physico-
chemical information are demonstrated in Ta-
ble 1.

Excipient CAS No. Chemical formula Mw HLB' Classification
(g/mol)
9036-19-5 C14H220(C240) n 628 13.5  Non-ionic surfac-
(n=9-10) tant
Bl B @R  85536-07-8  Consists of a small fraction of  200-400 12 Non-ionic water-
mono-, di- and triglycerides soluble o/w surfac-
and mainly PEG-8 (MW 400) tant, Solubilizer,
mono- and diesters of caprylic Bioavailability en-
(C8) and capric (C10) acids hancer
101 [GF8 62563-68-2  Consists of mono-, di- and tri-  765.167 9 Nonionic water-
M 1944 CS glycerides and PEG-6 (MW dispersible o/w
300) mono- and diesters of surfactant
oleic (C18:1) acid
Trans- 111-90-0 CeH1403 134.2 4 Solvent/Co-surfac-
cutol®CG tant, Superior sol-
ubilizer and effi-
cacy booster
C11H2404 220.309 1 Oily vehicle, lipo-

O 31565-12-5

'HLB is the hydrophilic—lipophilic balance of an emulsifier.

philic solubilizer
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Cell cultures

Human melanoma cell lines (WM164,
WM1366, and D24), spontaneously immor-
talized normal human keratinocytes (HaCaT),
and primary skin fibroblast cells were pro-
vided kindly by Prof. Helmut Schaider labor-
atory (UQ/Frazer Institute). The cancerous
cell lines and their mutation are listed in Table
2. The cells were grown in RPMI medium (+
L-glutamine) supplemented with 5 % (v/v)
FBS, 2 % penicillin/streptomycin except for
the fibroblast cells which were cultured in
DMEM. Cells were routinely grown in cul-
ture flasks and maintained at 37 °C in a hu-
midified 5 % CO;atmosphere. Microbial con-
tamination test was performed routinely in
our laboratory. Cells were trypsinized using
trypsin—-EDTA when they reached approxi-
mately 80 % confluence to co-culture or seed.

Experimental design

Cells were seeded into the 96-well cell
culture plates in 100 pl of complete culture
medium at the initial density of 2x10*
(cells/ml). Cells were incubated under 5 %
COz at 37 °C for 24 hours for adhering to the
wells and medium was then replaced with 100
ul of fresh medium containing excipient solu-
tion at the required final concentration. Each
concentration was tested in minimum of 5
replicates and control cells were exposed to
the culture medium only.

Cytotoxicity assays

MTT assay for assessing cell viability

After cell incubation for 24 h, the excipi-
ent-containing medium was removed, and
100 pul of MTT in PBS (5 mg/ml) diluted 1:10
in medium was then added in the dark. Plates

were further incubated for 2-3 h, after which
time the medium was removed and the purple
formazan product was dissolved by adding
200 ul of DMSO to each well. Plates were
then placed in a shaker for 5 min at room tem-
perature and the absorbance of the resulting
solutions was measured at 570 nm using a mi-
croplate reader (Multiskan™ FC Microplate
Photometer). The effect of each treatment was
calculated as the percentage of tetrazolium
salt reduction by viable cells against the neg-
ative control (cells treated with culture me-
dium only).

Crystal violet assay (CV) for assessing cell
viability

Fixed cells were stained with crystal vio-
let dye solution to screen cell viability under
treatment conditions. Cells are fixed by 4 %
(v/v) paraformaldehyde in PBS for 10
minutes. Crystal violet assay of 0.05 % (v/v)
is prepared by 1:4 dilution of the crystal violet
stock solution (v/v) in 4 % (v/v) paraformal-
dehyde. The fixed cells were washed twice
with PBS and covered with 250 pl crystal vi-
olet working solution. The plates were placed
on a bench rocker with medium frequency (20
oscillations per minute) at room temperature
for 20 minutes. The plates were emptied and
washed under indirect stream of tap water for
three times and inverted on filter paper. The
plates were taped gently on the paper to re-
move any remaining liquid and air dried with
no lid for minimum of 2 hr at room tempera-
ture. After the plates were photographed, blue
dye was dissolved in DMSO and the optical
density of each well was measured at 570 nm
(OD570) with a plate reader (Multiskan™ FC
Microplate Photometer). The effect of each
treatment was calculated as the percentage of

Table 2: List of tested cancerous human cell lines. [WT (Wild Type) represents the non-mutated gene]

Cell line BRAF ' NRAS 2 PTEN 3
(Human origin) Mutation Mutation Mutation
WM164 V600E WT WT
WM1366 WT Q61L WT

D24 WT WT WT

T The BRAF gene encodes the B-Raf protein (serine/threonine-protein kinase B-Raf)
2 The NRAS gene encodes a GTPase, N-Ras, a regulator of cell division
3The PTEN gene encodes a phosphatase, PTEN (phosphatase and tensin homolog)
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crystal viable staining of surviving attached
cells, against the negative control (cells
treated with culture medium only).

Evaluation of membrane integrity by
trypan blue exclusion assay

The dye exclusion test is routinely applied
in laboratories to assess the number of live
cells present in a cell suspension. Since viable
cells retain intact cell membranes and exclude
specific dyes, such as trypan blue, whereas
dead cells do not. In this assay a cell suspen-
sion is mixed with dye and then visualized to
distinguish the cells that take up dye from the
ones that exclude it. Viable cells will be seen
as a clear cytoplasm whereas a dead cell will
appear with a blue cytoplasm (Strober, 2001).
After cell incubation for 24 h, the excipient-
containing medium was removed, and cells
were trypsinized using trypsin—-EDTA to ob-
tain cell suspension. 20 pl of trypan blue dye
was mixed thoroughly with 20 pl cell suspen-
sion by pipetting ups and downs and loaded
into the cell counting slide. Cell numbers
were detected by the automated cell counting
machine. To find the total number of viable
cells in one ml of aliquot, the number of via-
ble cells was multiplied by 2 (the dilution fac-
tor for trypan blue). Viable cell percentage
was calculated as follows:

% Viable cells =

Total number of viable cells per ml of aliquot

x 100 (1)

Total number of cells per ml of aliquot

Reactive Oxygen Species evaluation with
dihydrorhodamine 123

The oxidant-sensitive dye, dihydrorhoda-
mine 123 (DHR), was used to detect intracel-
lular ROS level. Cells were plated in the flat
bottom 96-well plates to sub confluent (60-
70 %) then the medium was removed and re-
placed with the pre-warmed treatment solu-
tions (medium containing different concen-
tration of the excipients). After 24 hours incu-
bation with treatment solutions, medium was
removed and replaced with the 100 pl of pre-
warmed dying buffer (Hank’s balanced salt
solution (HBSS) containing 12 uM DHR
dye). Cells were incubated for 30 minutes at

37 °C in a humidified 5 % CO- atmosphere in
dark. The cellular fluorescence generated by
the DHR oxidation was measured at 485 nm
(OD 485) using a microplate reader (Mul-
tiskan™ FC Microplate Photometer). Hydro-
gen peroxide (H202) treatment (800, 400,
200, and 100 uM)/ (27, 13.5, 6.75, 3.4 pg/ml)
was used as positive control and dying buffer
with no cells as blank control. Data points
were recorded every 10 minutes for 60
minutes and exported for analysis by Excel
software. The ROS level is calculated as the
difference between (Ftest/ Fcontrol) and ex-
pressed as percentages of the control value us-
ing this formulation:

[(Ftest /Fcontrol)/ Fcontrol] x100 (2)

where Fies: and Feonrol are the fluorescence
intensities of the cells exposed to the treat-
ments and the cells with only medium, respec-
tively. Fluorescence intensity of the blank
wells were measured at every measurement
time points and recorded to compare with the
control wells.

DHR123 + H202 —»R123 + 2H20 (3)
(Sakurada et al., 1992)

Determination of DNA content and cell
cycle analysis

Each phase of the cell cycle was evaluated
by DNA flow cytometry analysis. Cells were
cultured in 6-well plates to SIH) confluent (60-
70 % confluent) and then treated with ICso
concentrations of the excipients in each cell
line for 24 hours. The PI staining was used to
determine the DNA content and the cell-cycle
phase distributions. Attached and floating
cells were collected and fixed followed by PI
staining and analyzed with FACs machine ac-
cording to the instructions of the manufac-
turer. The percentages of cells in each cell-cy-
cle phase were analyzed using FlowJo soft-
ware (v10.6.1).

Statistical analysis

To assess the excipients’ cytotoxicity, the
dose-response effect of each excipient was
measured against the cell lines. The cytotoxi-
city value for each concentration of the
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excipients was expressed as percentage of vi-
ability against the untreated control wells (the
optical density of untreated cells was set at
100 % viability) to construct dose-response
curves. Dose-response curves from 24-h ex-
posure of the cell lines to Labrasol®, Labra-
fil®, Transcutol®, and Labrafac® were plot-
ted to show cell viability ( %) vs log of treat-
ment concentration (pg/ml). In the present
study, all cytotoxicity experiments of the ex-
cipients were performed in minimum of 5-6
replicates and results were displayed as mean
+ standard deviation (SD).

The cytotoxicity of the excipients was ex-
pressed in terms of an ICso values (concentra-
tion causing 50 % death of the cell popula-
tion) (Goldberg and Frazier, 1989). ICso-
value for each excipient was calculated from
the best-fit (R2>0.95) of the Hill slope curve
to experimental data using nonlinear regres-
sion analysis in Graph Pad Prism (Version
8.3.0, GraphPad Software, Inc., La Jolla,
USA), based on the formula: Y =
100/1+10"((LogICso-X)*Hillslope)) where X
= log of dose, Y = growth inhibition value
normalized to control, and Hillslope = unit-
less slope factor or Hill slope. All ICso values
were expressed as pg/ml. The percentage via-
bility was calculated as follows:

% Viability =

Mean absorbance of treated wells

Mean absorbance of control well (no excipients)
x 100
(4)

Statistical analyses were performed using
ordinary one-way analysis of variance
(ANOVA) test to determine the significant
differences between the MTT and CV assays
as well as differences between OD reading re-
sults of the treated and untreated control ob-
tained from MTT and CV assays using Graph
Pad Prism (Version 8.3.0, GraphPad Soft-
ware, Inc., La Jolla, USA). Sidak’s and Bart-
lett’s post hoc analysis were applied with
ANOVA test when they were appropriate.
The non-parametric Kruskal-Wallis with
Dunn’s test was used to detect significant dif-
ferences between the ICso of the excipients in

all cell lines obtained by TB, MTT, and CV
assays.

RESULTS

In vitro cytotoxicity of excipients

The cytotoxic properties of the excipients
were evaluated by cell viability responses in
MTT and CV assays. Dose-response curves
obtained from cytotoxicity assays following
24 h exposure to the cancerous and non-can-
cerous cell lines are illustrated in Figure 1.
The plots show cell viability % (y) values ver-
sus log of the concentration (pg/ml) (x) ob-
tained from MTT and CV assays. The applied
concentrations of the excipients for MTT and
CV were selected from a wide range of con-
centrations to show the cellular responses to
toxicity for each tested excipient.

Labrasol - CV

150 Labrasol - MTT 150

100 100 1

50 brvvanmmnuran i) 504

0 T T T 1
20 -15 -10 -05 00 -20 -15 -10 -05 0.0
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100

50

R
Z o ;
B . 2
o
; 1s0r Iranscutol - MTT 150 Transcutol - CV
S I
100 + s
0 . - - : T T T )
-1.0  -05 0.0 0.5 1.0 -1.0 -05 0.0 0.5 1.0
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Figure 1: Representative dose-response curves
from 24-h exposure of the tested cell lines to the
tested excipients. Labrasol®, Labrafil®, Trans-
cutol®, and Labrafac®. Values measured by MTT
and CV assays. Data are expressed as mean *
SD of minimum 5-6 replicates.
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Labrasol®, Labrafil®, and Transcutol®
showed cell viability reduction effects within
the applied concentration ranges in all cell
lines but Labrafac® did not induce any reduc-
tion in cell viability at the applied concentra-
tions.

Figure 2a) shows bar graphs of excipient
concentrations plotted against the cell viabil-
ity % after 24-hr exposure to the excipients.
The raw data obtained from the optical den-
sity (OD) reading of each treatment well by
MTT assay was compared to the untreated
control well and statistically significant dif-
ferences from the control were evaluated.
One-way ANOVA followed by Bartlett’s test
was selected considering the equal variance
across the group sample. Figure 2b) illustrates
cytotoxicity of the excipients presented as
ICso values (pg/ml) on melanoma and normal
cells, derived from MTT assay. Results de-
rived from MTT and CV assays were found to
be significantly correlated.

The sensitivities of the different cell lines
to the excipients, assessed by MTT and CV
assays, were expressed as half maximal inhib-
itory concentrations (ICso (ng/ml)), where the
lowest ICso value indicates the most cytotoxic
excipient. ICso values were compared to those
from Triton X-100, a highly irritant non-ionic
surfactant that was employed as a positive
control.

As shown in Table 3, the cytotoxicities of
excipients, determined by either the MTT or
CV assay, were ranked in the order Triton-X-
100 > Labrasol® > Labrafil® > Transcutol®
> Labrafac® for all cell lines with the excep-
tion of Labrafil® and Transcutol® in HaCaT
cells. The positive control, Triton X-100, was
the most cytotoxic surfactant tested, causing
significant inhibition of cell growth in all cell
lines with exposure to 0.004 pg/ml concentra-
tion. Both tested surfactants, Labrasol® and
Labrafil® showed less cytotoxic effects than
the reference Triton X-100, predicting less ir-
ritancy effects in vivo. No damaging effects
on cell growth were seen with Labrafac® in
any cell line (Table 3). These results highlight
the differences in sensitivities of all cell lines
to the same excipient. The cancerous,

WM164 was the most sensitive cell line to
every excipient tested, whereas normal hu-
man fibroblasts were the least sensitive. For
example, ICso values for Labrasol® in
WM164 was less than 0.2 pg/ml, compared to
0.62 pg/ml in primary fibroblast cells, indi-
cating the greater sensitivity of the WM 164
cancerous cell line over normal human fibro-
blasts.

In general, ICso values derived from the
assays showed that the normal keratinocytes
and the primary fibroblasts were more re-
sistant to the toxicity of the tested excipients
than the cancerous cell lines. Of these normal
cell types, the primary fibroblasts were more
resistant to the toxicity effect of the excipients
than the keratinocytes (Table 3). The
WM1366 and D24 cancerous cell lines were
more resistant to the damaging effects of the
excipients while the WM 164 cell line showed
greater sensitivity to all excipients. Labra-
fac® caused no toxicity to any cell lines at the
concentrations used in this study.

Comparison of MTT and CV cytotoxicity
assays

To investigate the effect of the test meth-
ods on the calculated viability, the cell viabil-
ity percentages for each excipient derived
from MTT and CV assays were compared and
analyzed. One-way ANOVA analysis fol-
lowed by Sidak’s post hoc test were used to
identify significant differences. One-way
ANOVA was selected based on the fact that
our data sets were paired and independent col-
umns. In addition, as the comparison is based
on a set of means, Sidak’s was chosen with
more power compared to the other available
methods.

No statistically significant differences
were observed between the data set for viabil-
ity % of all tested excipients obtained from
the MTT and CV assays, regardless of the
tested cell lines. Rankings of cytotoxicity re-
sponses to the investigated excipients based
on either the MTT or the CV assay were the
same except for Labrafil® and Transcutol®
in HaCaT cells.
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Table 3: ICso values (ug/ml) of tested excipients obtained by MTT, CV assays in the used human cell
lines. R?>0.95. n=minimum of 5-6 replicates. [* The ICso0 does not match the ranking.]

>
0 a
& ® IC /ml) [M Ra
= 2 & (ug/ml) [Mean, Range] Irritancy ranking
Q ]
d 8
> WM164 WM1366 D24 HaCaT FB
o 0.0042 0.083 0.0429 0.0417 0.1034
S MTT 1
x (0.002 to 0.01) (v. wide) (0.04t0 0.05) (0.04t00.043) (0.08 to 0.16)
g 0.0265 0.089 0.043 0.044 0.094 .
€ cv (Positive control)
= (v. wide) (v. wide) (0.04 t0 0.045) (0.042 t0o 0.047) (0.08 t0 0.13)
0.180 0.308 0.323 0.306 0.624
% MTT
@ (01610 0.19) (0.29t00.32) (0.31t0 0.37) (0.29 t0 0.32) (0.56 to 0.69) 2
8 0.208 0.308 0.332 0.318 0.632
i cv
(020t00.21) (0.30t0 0.31) (0.32to 0.35) (0.28 to 0.35) (0.53-0.77)
077 1.45 1.15 1.27% 353
@ MTT
"E (06910 086) (1.32t01.6) (0.89t01.47) (0.74 t0 1.76) (2.93104.3) 3
o 2.02 2.02 322 3.676% 3.222
3 ov
(v. wide) (19t02.13) (3.11t03.32) (3.56 t0 3.79) (2.92 to 3.96)
® 212 3.49 4.88 3.32% 554
] MTT
E (202t0223) (3.35t0364) (4.70to507) (2.81 to 4.02) (4.651t06.75) 4
2 2.03 3.55 5.01 2.91% 597
E CcvV
(194102 11) (352t0359) (4771t05.3) (2.65 t0 3.20) (497 t09.2)
.;%'E MTT  >Max Conc. >Max Conc. >Max Conc. >Max Conc. >Max Conc. 5
E
o
3 cv >Max Conc. >Max Conc. >Max Conc. >Max Conc. >Max Conc.

Figure 3 indicates that regardless of the
type of excipient, reasonable correlations
(r>0.80) between cell viability determined by
MTT and CV assays were observed for all ex-
cipients in every cell line (Figure 3).

To compare the sensitivity of the assay
methods in detecting the toxicity level of the
excipient, the estimated ICso values for each
individual excipient calculated from both as-
says were compared with each other in every
cell line by ANOVA analysis for significant
differences (Figure 4). Significantly lower
MTT ICso compared to CV was seen in all cell
lines for Labrafil®, with the exception of fi-
broblast cells, and in WM 164 cells for Labra-
sol®. In the rest of the cases, there were no
significant differences between the two as-
says.

Trypan blue exclusion assay

The trypan blue exclusion assay was per-
formed to examine the integrity of the plasma
membrane after exposure to the excipients.
Results showed a progressive decrease in live
cell numbers after treatment with increasing
excipient concentrations (Figure 5).

The ICso values determined by TB assays
for each excipient were compared with those
from MTT and CV. Data are summarized in
Table 4. Due to the small group size, the non-
parametric Kruskal-Wallis test was selected
to analyse this data set. Analysis (p<0.05)
showed that only the ICso values for Trans-
cutol® were significantly greater than the
ones obtained from the two viability assays in
all cell lines.
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Figure 3: Correlation of cell viability values (%) between MTT and CV assays for all surfactants in each
cell line. Each point corresponds to cell viability % value obtained after exposure to a surfactant. r=
Pearson’s correlation coefficient. ***p<0.001 denote significant correlation.
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Figure 4: Cytotoxicity of the excipients expressed as ICso (ug/ml) on the tested cell lines and measured
by MTT and CV assays. Data are presented as mean + SD of two independent experiments, performed
in triplicate. MTT and CV assays were compared by the One-way ANOVA with Sidak’s post hoc test (p
values of **** <0.0001; *** <0.001; ** <0.01; * <0.5) denote significant differences.

Table 4: ICso values obtained from trypan blue, MTT, and CV (ug/ml)

Excipients Viability assay
WM164 WM1366 D24 HaCaT FB

Labrasol 0.180 0.308 0.323 0.306 0.624
0.208 0.308 0.332 0.318 0.632

0.372 0.430 0.396 0.251 0.460

Labrafil 0.77 1.45 1.15 1.27 3.53
2.02 2.02 3.22 3.676 3.222

2.909 1.450 2.222 2.078 1.306

Transcutol 2.12 3.49 4.88 3.32 5.54
2.03 3.55 5.01 2.91 5.97

14.55 13.67 21.55 6.57 7.08
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Figure 5: Cell viability % obtained from trypan blue exclusion assay for the excipients after 24 hr on the
tested cell lines. Live cells are shown as a percentage of the untreated control cells. Data are presented
as mean = SD (n=3-5). Data were analyzed using One-way ANOVA. (p values of **** <0.0001; ***
<0.001; ** <0.01; * <0.5) denote significant differences from the control value.

Reactive Oxygen Species (ROS) levels
Generation of ROS is known to be one of
the downstream impacts of oxidative stress
causing mitochondrial dysfunction (Adam-
Vizi and Chinopoulos, 2006; Brookes, 2005).
Hydrogen peroxide is known to increase the
level of ROS in many cell types (Masaki and
Sakurai, 1997)and in this study it was used as
a positive control for cellular ROS generation.
Dihydrorhodamine 123 (DHR) is an oxi-
dation-sensitive fluorometric dye that pene-
trates cells and localizes into the mitochondria
through its lipophilic properties. If present,
mitochondrial ROS could oxidize DHR and
convert it to an extremely stable fluorescent
product, rhodamine-123 (R123) (Villamena,
2017). DHR has been commonly used to de-
tect ROS levels in cellular models (Ranga-
nathan et al., 2009). To investigate possible
cell death mechanisms, we applied DHR and
compared ROS generation in response to

pharmaceutical excipients, compared to a per-
oxide control.

Cells were exposed to various concentra-
tions based on the cytotoxic potency of each
excipient. The range of applied concentra-
tions was selected to cover upstream and
downstream of the ICso concentrations calcu-
lated from both viability assays, as shown in
Table 3. For Labrasol®, cells were treated
with concentrations of 0.1, 0.3, 0.5 and 1
pg/ml. For Labrafil® concentrations of 0.2, 2,
5 and 10 pg/ml were used. Transcutol® was
applied in concentrations of 5, 10, 20 and 50
pg/ml.

The cells treated with the tested excipients
showed an increase in ROS intensity in a
dose-dependent manner compared to un-
treated control cells (Figure 6).

In this section, to avoid repeating the
name of the cell line for the ROS production
level, cell lines are categorized as two groups
of cell type; melanoma cells and normal cells.
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Below, the melanoma cell lines are referred to
in the order; WM164, WM1366, D24 and
normal cells in the order; HaCaT, FB.

The results in Figure 6 show that the
greatest applied concentration of Labrasol®
stimulates ROS production by 25.5 %,
19.04 %, and 20.9 % respectively in mela-
noma cells and by 29.4 % and 13.89 % in nor-
mal cells respectively.

Labrafil® induced ROS generation by
36.63 %, 27.57 %, and 51.35 % respectively
in melanoma cells and 39.23 %, and 6.7 % in
normal cells, respectively.

Transcutol® increased ROS production
by 22.5 %, 18.1 %, and 24.9 % respectively in
melanoma cells and by 29.4 %, and 4.3 % re-
spectively in normal cells.

The results of quantitative measurement
of ROS levels indicated that highest applied
concentration of Labrafil® stimulated the
greatest level of ROS generation in all mela-
noma cells. HaCaT cells were more sensitive
than the other tested cells towards ROS pro-
duction while normal fibroblasts showed min-
imal sensitivity towards ROS production after
excipient treatments.

Figure 7 shows the percentages of ROS
generation at ICso concentrations in each cell

line for the tested excipients. Among the can-
cerous cells, the highest percentage of ROS
production occurred in the non-mutated mel-
anoma cell line (D24) at exposure to all tested
excipients. In normal cells, HaCaT shows
more production of ROS after contact with all
tested excipients.

Cell cycle analysis

Flow cytometry is capable of differentiat-
ing specific subsets of cells within a mixed
cell population. Analyzing the kinetics of the
cell cycle in combination with the cell re-
sponses to treatment could provide a compre-
hensive picture of the relationship between
cell cycle events and apoptosis in a cell cycle
perspective (Sherwood and Schimke, 1995).
Any damage to DNA could interrupt the cell
cycle progress and arrest the cells at certain
checkpoints. This arrest can facilitate DNA
repair to avoid carcinogenesis or lead to cell
death, normally by apoptosis. Understanding
the chemical influences of these processes not
only provides new therapeutic approaches
and tools to enhance the killing efficacy of
major cancer therapeutics but also directly in-
crease cancer cell death (Visconti et al.,
2016).
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Figure 6: ROS intensity after cell exposure to increasing concentrations of excipients. Excipient con-
centrations are plotted from 0 to high on X axis (as the applied concentrations are varied depending on
their toxicity, the applied doses are referred to as (0 to some multiple of ICso concentration relative to
the cell line and the tested excipient and ROS generation % on Y axis (ROS production results calcu-
lated as percentage of untreated control). Data are expressed as mean + SD of 3 replicates.
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Figure 7: ROS generation in each tested cell line after 24 hr exposure to the excipients at their ICso
concentration. ROS production results are calculated as percentage of untreated control. Data are ex-

pressed as mean = SD of 3 replicates.

The effectiveness of the excipients on the
cell cycle progress and in inducing apoptosis
was assessed by flow cytometry and PI stain-
ing. The cell cycle profile results of the un-
treated cells for GoGi, S and GoM phases
show 48.5%,35.7%, and 10.4% for
WM164; 36.4 %,13.2 %, The effectiveness of
the excipients on the cell cycle progress and
in inducing apoptosis was assessed by flow
cytometry and PI staining. The cell cycle pro-
file results of the untreated cells for GoGi, S
and GoM phases show 48.5 %,35.7 %, and
10.4% for WMI164; 36.4 %,13.2 %, and
32.6 % for WM1366; 36.4 %, 46.2 %, and
16.1 % for D24; 56.3 %, 30.2 %, and 10.3 %
for HaCaT; and 39.5 %, 52.2 %, and 13.5 %
for primary Fibroblast cells respectively (Ta-
ble 5).

To assess the effect of treatment in cell cy-
cle progress, we compared the DNA histo-
gram between control and sample groups
treated with ICso concentrations (Figure 8).

Labrasol® only increases the cell popula-
tion in sub GoG; in melanoma WM164 and
D24 cell lines, indicating increases in early
apoptotic population in these cell lines. It does
not influence the WM 1366 cell line or normal
HaCaT or Fibroblasts.

Labrasol® also showed effects on the
GoG1 phase in WM 164 cells and increased the
cell population percentage which was accom-
panied by a proportional decrease in the per-
centage of cells in the S and GoM phase. How-
ever, Labrasol® interrupted the cell cycle of
WM1366 by increasing the cell population in
G2M phase with a concurrent reduction in the
cell population in the GoG1 phase. In the D24

Table 5: DNA distribution (%) during cell cycle after 24-h treatment with the tested excipients

Control Labrasol® Labrafil® Transcutol®
SubGoGe-Gi S Gp-M Sgnb GG S Gy-M S(‘;Db Ge-G: S Gy-M S(‘;ob Ge-G: S GpM
WM164 364 485 357 104 613 57.7 243 898 497 517 292 104 341 564 169 187
WM1366 00 364 132 326 00 308 127 385 072 296 144 367 00 208 133 387
D24 13 364 462 161 49 509 218 230 226 307 502 130 27 417 399 154
FB 00 395 522 135 00 473 401 00 243 519 315 00 234 451 221 00
HaCaT 05 563 302 103 063 60.7 239 7.4 002 604 389 00 027 502 164 23.1
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Figure 8: The effects of excipients on the process of the cell cycle of human melanoma and non-mela-
noma cells. The FACS diagram of the cell cycle. PE-CY5 channel indicates the fluorescent intensity of
Pl, and the Y axis indicates cell number (events). Red arrow shows the apoptotic population.

cell line, Labrasol® increased populations in
both the GoG1 and G2M phases, with a corre-
sponding decrease in the S phase of cellular
progression. In normal HaCaT cells after
treatment with Labrasol®, the population in
GoG1 increased, while decreases were seen in
the S and GoM phases. In normal fibroblasts,
Labrasol® caused cell accumulation in the
GoG1 and S phases and completely inhibited
cell progression into the G2M phase.

The interaction of Labrafil® with the
WM164 cell cycle was similar to Labrasol®,
increasing sub GoGi populations of early
apoptotic cells and in GoGi, with a corre-
sponding decrease in the S phase. The effects
of Labrafil® in WM 1366 were also similar to
Labrasol®, with increased cellular popula-
tions in the GoM phase and reductions in
GoGi. In normal cells, Labrafil® completely
inhibited cells entering the Go:M phase, while
causing accumulation in the GoG; and S
phases. However, in normal Fibroblasts it

caused a small increase in the sub GoG cell
population.

Transcutol® disrupted cell cycle progres-
sion by increasing the cell population in sub
GoG1 phase of WM164, D24 melanoma cells,
and normal Fibroblasts. In the WM164 cell
line, it increased cellular accumulation in both
GoG1 and GoM checkpoints with a corre-
sponding decrease in the S phase. In
WM1366, it had little effect except for a slight
rise in the GoM phase population. In D24
cells, Transcutol® caused an increase in the
GoG1 population, with related reductions in S
and GoM phases. In normal HaCaT cells,
Transcutol® increased the population in GoM
phase, while in normal Fibroblasts, it com-
pletely inhibited the GoM phase and increased
both the GoG1 and S phases.

The overall results indicate that all three
tested excipients; Labrasol®, Labrafil® and
Transcutol® affected cell cycle progress in
WM164 and D24 melanoma cells. In these
two cancerous cell lines, the ICso concen-
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trations of Labrasol® and Labrafil® could in-
duce apoptosis followed by arresting the mel-
anoma cells at the GoGi and GoM check-
points. In WM1366 cells, the ICso concentra-
tion of the excipients was insufficient to in-
duce apoptosis and cells could only be ar-
rested at the G2M checkpoint. After exposure
to the excipients at their ICso concentrations,
HaCaT cells did not progress to the apoptotic
phase and were arrested in the GoGi and S
phases. On the other hand, low populations of
apoptotic cells were generated in the normal
FB cell line. In summary, we concluded that
the excipients had inhibitory effects on cell
cycle progress at various levels.

DISCUSSION

Many topical products are reliant on the
penetration enhancing capacities of excipi-
ents to allow the active drug to overcome the
stratum corneum barrier and reach its target.
This may come at the cost of increased tox-
icity to the underlying layers of viable cells.
A good understanding of excipient toxicity
and the linked mechanisms can provide valu-
able tools for formulators. This can be of par-
ticular importance in the generic industry
where replacement of excipients in a “like for
like” fashion may be required in the absence
of excipients that are no longer available.
Where the overall performance in terms of the
penetration is required to be within the same
range of acceptability as the reference prod-
uct, changes in the level of toxicity resulting
from the excipient replacement is also consid-
ered. According to the FDA Inactive Ingredi-
ent Guide (IIG) (FDA, 2019), during generic
product development, changes of the refer-
ence formula in terms of excipient replace-
ment, grade of excipient, or quantity of excip-
ient incorporated in the formula, etc. need to
be justified by its functionality, pharmacol-
ogy/toxicology data, and bioequivalence/clin-
ical data. However, due to the lack of direct
regulation, cost and patenting issues, a ge-
neric firm may have to reformulate their prod-
uct without performing a comprehensive

evaluation of the new ingredients’ toxicity be-
havior (Chang et al., 2013).

In vitro cell culture is a well-established
model that has been used for cell toxicity
evaluation and prediction of the skin irritancy
potential of chemical substances (Mul-
lerdecker et al., 1994). Previous studies
showed that application of a battery of in vitro
assays could be a reliable pre-clinical ap-
proach to predict toxicity of chemical in vari-
ous cell types (Nogueira et al., 2011). A com-
bination of MTT and crystal violet assays has
been used previously to analyze the effects of
various drugs in cancer cells (Klingenberg et
al., 2014).

Previous studies have demonstrated that
the results of cell-based toxicity assays are
impacted by the solvent and procedural steps
applied to introduce the test chemical to the
cells. Some physicochemical properties of the
test chemical combinations such as lipophilic-
ity and volatility as well as procedural steps in
solution preparation can lead to inhomogene-
ous distribution of the chemical, resulting in
significant quantitative differences in tox-
icity. For cell treatment, indirect dosing, or
dosing the cells with a previously prepared
mixture of the exposure medium and the stock
solution, is recommended (Tanneberger et al.,
2010). Therefore, careful attention was paid
in this work in preparing treatment solutions
to avoid any technical errors.

Here we studied the cytotoxicity of some
topical excipients with potential interest in the
pharmaceutical industry as well as sensitivity
of several cancerous and non-cancerous cell
lines to the toxic effects of the tested excipi-
ents. Comparison between the results of cell
viability % obtained by the two different as-
says (MTT and crystal violet) showed no sig-
nificant differences at 0.05% (p<0.05)
(ANOVA with Sidak’s post hoc test). In addi-
tion, a good level of correlation was obtained
between the test results. Based on our overall
results, these assays could be considered suit-
able for the evaluation of cytotoxicity.

However, some exceptions were noted.
The ICso results from Labrafil® show that the
MTT assay was more sensitive in detecting
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cell damage than CV staining, regardless of
the cell type. Furthermore, in the case of
Labrasol®, the ICso result obtained in
WM164 with MTT was significantly lower
than that obtained with CV. These differences
between assays are not unanticipated and
have been reported previously as the cellular
response varied based on the mechanism of
cytotoxicity assay in revealing loss of viabil-
ity (Burlando et al., 2008; Schroterova et al.,
2009). The MTT assay is associated with met-
abolic activity of live cells (Berridge et al.,
2005), while the CV assay is insensitive to al-
terations in cellular metabolism and conse-
quently, it is not reflective of the metabolic
changes that may be initiated by toxins. The
CV assay is appropriate for the assessment of
the impact of compounds on cell survival and
growth inhibition (Almutary and Sanderson,
2016; Feoktistova et al., 2011). This suggests
that the mechanism of toxicity caused by
these surfactants involves an early impact on
the metabolic activity of the cells, while cell
lysis could be affected at a later stage. Toxin
exposed cells could become metabolically de-
activated before proceeding to a state of com-
plete death and detachment from the well. In
this condition the total DNA mass present
could be greater than that contributed by just
the metabolically active cells in each well.
We found no significant differences be-
tween the viability data recorded from MTT
and CV for Labrafil® and Labrasol® in all
cell lines, with good correlations of these two
assays for all excipients in each cell line. This
good relationship between the two endpoints
even when individual differences were ob-
served within experimental data agrees with
the literature, where the nature of the assay
and different toxicity influences from the sur-
factants have been recognized. Based on our
results, we recommend that the inter-correla-
tion data from the two assays be carefully
evaluated before they can be regarded as in-
terchangeable for the assessment of cytotoxi-
city. The combination of several endpoints
with different mechanistic aspects might be
useful in order to differentiate between the ef-
fects on cellular activity or overall cell death.

The cell viability results obtained from the
MTT and CV assays generally correlated well
with those from the trypan blue exclusion as-
say. However, in the case of Transcutol®, the
ICso values obtained from the trypan blue as-
say in all cell lines were significantly higher
than those from either of the viability assays.
Transcutol® has been shown to be preferen-
tially incorporated into more polar regions of
multiple lipid bilayers, resulting in an in-
crease in the spaces between lipids without a
significant modification of the bilayer struc-
ture (Osborne and Musakhanian, 2018). In
this way, the general integrity of the mem-
brane can be maintained, while creating only
enough space for small molecules like Trans-
cutol® (134.17 g/mol) to pass, while larger
molecules such as trypan blue (960.8 g/mol)
may be trapped within the membrane or com-
pletely excluded. Therefore, the dead cells re-
sulting from Transcutol® incorporation may
appear unstained and be counted as live cells.
Results from this work could be explained by
the fact that Transcutol® may make the cell
membrane selectively permeable by exclud-
ing larger molecules like trypan blue and re-
sulting in false negative staining in this cyto-
toxicity assay.

Triton X-100, a non-ionic surfactant that
1s a membrane-lytic and highly cytotoxic, is
commonly used as a toxic reference com-
pound in cell viability assays. The 1Cso value
of Triton-X 100 measured by the MTT assay
in human leukemic cells (CCRF) was previ-
ously reported to be 1 pg/ml (Duncan et al.,
1994), much greater than that found in this
study (<0.08 pg/ml). However, it is well
known that the cytotoxic effects of chemical
compounds depend on the tested cell type
(Backorova et al., 2011; Schroéterova et al.,
2009). Duncan and colleagues (1994) studied
the cell viability in different cell type which
could explain this variation between our result
and those reported in a different cell line.

Of the three cancer cell lines used in this
work, WM164 was the most sensitive to the
toxic effects of the tested excipients. Distinct
sensitivity of cell lines against a chemical
compound could be partially explained by the
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features of each cell type which lead to a dif-
ferent defence mechanism against toxic expo-
sure. Contact inhibition is a fundamental
property of cells and loss of this feature is as-
sociated with malignancy and tumorigenesis
(Morais et al., 2017). The effects of contact
inhibition, or its lack, on cell proliferation can
be observed in culture-based experiments.
Contact inhibition can cause a decrease in
proliferation rates at high cell density
(Abercrombie, 1970). In the present study, the
cancerous WM 164 cells in culture showed a
lack of contact inhibition by growing in spa-
tial layers and forming clusters (Figure 9).
Uncontrolled proliferation leading to high dif-
ferentiation rates may explain the increased
sensitivity of WM164 towards the toxic ef-
fects of the excipients. In contrast, HaCaT and
primary FB cells showed greater resistance to
the toxicity of the excipients. A study on cy-
totoxicity and phototoxicity showed HaCaT
keratinocytes to be more resistant than other
human skin derived cell lines due to their
lower growth rate, resulting from contact in-
hibition which controls the rate of prolifera-
tion and metabolic processes of the cells (Sha
et al.,, 2005). Contact inhibition is also re-
garded as a characteristic feature of fibro-
blast-like cells in culture (Abercrombie,
1970). In our experiments, WM 1366 showed
very similar morphological and phenotypic
characteristics to the HaCaT cell line. These
two cell lines had similar growth rates and
contact inhibition properties which could

Figure 9: Bright field microscopy of HaCaT and WM164 at confluence. The different morphology and

partly explain their similar responses towards
toxicity.

Our results demonstrated a greater tox-
icity for Labrasol® in all cell lines, with ICso
values ranging from <0.2-0.6 pg/ml, and a
low toxicity for Transcutol® (ICso 2-5.5
png/ml). Previous studies investigated the cy-
totoxicity of Labrasol® and Transcutol® in
various cell lines, including human cervical
cancer (HeLa) and human epithelial colorec-
tal adenocarcinoma (Caco-2) cells, by meas-
uring MTT endpoints (Ujhelyi et al., 2012,
2015). The results showed high toxicity for
Labrasol® with ICso values of approximately
2 pg/ml and lower toxicity with Transcutol®,
with an ICso of 34 ng/ml in the HeLa cell line.
CaCo-2 cells also had similar cytotoxic re-
sponse results to Labrasol® with 2 pg/ml
ICso. The variation in ICso is expected be-
tween different cell lines due to different sen-
sitivity of the cells but the order in cytotoxi-
city ranking of the Labrasol® and Trans-
cutol® is consistent with the high toxicity of
Labrasol® and low toxicity for Transcutol®
in our tested cell lines.

Critical micelle concentration (CMC), the
surfactant concentration at which micelle for-
mation occurs, is a property that is used to
characterize surfactants (Perinelli et al.,
2020). CMC describes the arrangement of
surfactants into micelles, which has an indi-
rect effect on solubilization of lipophilic mol-
ecules including cellular membrane lipids

cell growth arrangement due to the contact inhibition (HaCaT) and loss of this property (WM164). Scale

bar=50 pm.
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(Korhonen et al., 2004). CMC has been re-
ported to be a useful parameter to characterize
surfactant toxicity and has been recom-
mended to be used as a reference concentra-
tion when comparing the toxic effects of sur-
factants of homologous groups (Inécio et al.,
2011) and the comparison between ICso val-
ues and CMC values have been performed
previously (Lucarini et al., 2018).

Hydrophilic surfactants such as Labra-
sol® have low CMC with good solubilizing
ability. They also have the ability to increase
membrane lipid solubility, a non-selective
mechanism that may contribute their toxic ef-
fects during cellular interaction (Ujhelyi et al.,
2012).

The cytotoxicity of Labrasol® has been
investigated in Caco-2 cells, where the 1Cso
was reported to be 2 pg/ml, well above its
CMC of 0.12 pg/ml (Ujhelyi et al., 2012). In
contrast, we showed that Labrasol® ex-
pressed toxicity in our tested cell lines far be-
low the CMC, with ICso values in the range
0.02 — 0.05 pg/ml. In another study, the rela-
tionship between toxicity and structure of sur-
factants as well as target cell type in fully po-
larized and confluent epithelial cells, conflu-
ent but non-polarized epithelial-like cells,
dendritic cells, and human sperm was investi-
gated. The authors reported toxicity in all cell
types to some surfactants, including Triton X-
100, monolaurin, DDPS and SDS at concen-
trations around their CMC, indicating a non-
selective mechanism in their cell membrane
destabilization. On the other hand, all tested
cationic surfactants showed toxicity at con-
centrations far below their CMC, with signif-
icant differences in their toxicity towards dif-
ferent cell types. In these cases, in addition to
cell membrane destruction, an intracellular
mechanism characterized by membrane parti-
tioning (Abreu et al., 2004) and/or transloca-
tion across the membranes (Moreno et al.,
2006) was suggested.

Therefore, the lower -cytotoxicity of
Labrasol® compared to CMC in our cell lines
could be explained by involvement of modes
of action other than membrane disruption.
This action could be induced by Labrasol® at

an intracellular level before any membrane
disruption that causes cytotoxicity at very low
concentrations. However further investiga-
tion is required for verification.

This work also examined the mechanisms
of cell death caused by excipients applied to
skin cell lines. Apoptosis or programmed cell
death is known to be a highly regulated phys-
iological mechanism to eliminate abnormal
cells and its screening remains a gold standard
method in cell death investigations for tox-
icity and anti-cancer drug discovery (Inécio et
al., 2011). In many cancer cells, generation of
ROS during the apoptosis process as a re-
sponse to toxicity leads to permeabilization of
the mitochondrial membrane and release of
pro-apoptotic factors (Sathiyamoorthy and
Sudhakar, 2018). However, ROS functions as
a double-edged sword, causing benefit or
harm to the cells depending on the level of
production and cell type. Low to moderate
ROS levels are vital for survival of normal
cells, including proliferation and metabolism,
while excessive levels of ROS can kill the
cells. On the other hand, in cancerous cells,
increased ROS production can lead to persis-
tent tumor cell survival by ROS adaptation
leading to resistant cells (Perillo et al., 2020).

To understand whether ROS generation in
our cells was involved in increased cell death,
cell cycle and pre-apoptotic analysis was per-
formed. We found that exposure to the tested
excipients in all cell lines caused elevated
ROS levels compared to untreated control
cells, but this was not always associated with
increased populations of apoptotic cells. Pre-
vious studies have reported cytotoxicity of
surfactants that led to cellular arrest and apop-
tosis via ROS mediated pathways (Borner et
al., 1994; Zorov et al., 2014). However, in this
study, ROS influence on the treated cells was
primarily through cellular arrest in DNA
checkpoints and secondarily, by pushing low
percentages of the cells into the apoptosis
phase. We concluded that the cell repair sys-
tem was able to manage the DNA related
damage resulting from treatment with ICso
concentrations of these excipients without
causing significant apoptosis. However, the
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increased ROS levels may have contributed to
cellular vital mechanisms and/or to other
types of cell death such as autophagy and
necroptosis (Han et al., 2013). This requires
further investigation.

In vivo responses of excipient mixtures
have previously been reported in a number of
studies, notably by Maibach and others, for
instance (Kartono and Maibach, 2006; Rhein
et al., 1990) . Synergistic responses to excipi-
ent mixtures were observed in the work of
Kartono and Maibach. /n vitro testing of com-
bined excipients has also been reported but
tends to be limited to specific endpoints, par-
ticularly the use of a single cell line for viabil-
ity testing (Soltani et al., 2022). In this work,
we chose to expose cells to single excipients
only, rather than mixtures. We used several
different techniques: (i) skin toxicity by two
different cell viability assays (MTT and crys-
tal violet), on 5 different cell lines (normal hu-
man keratinocytes, primary human skin fibro-
blasts and three cancerous human cell lines),
(i1) cell membrane integrity using trypan blue,
(iii) generation of reactive oxygen species
(ROS) using dihydrorhodamine, and (iv) cell
cycle analysis by flow cytometry, to reveal
the importance of apoptotic processes. In do-
ing so, our aim was to establish the frame-
work by which these techniques can be coor-
dinated to obtain a clear picture of the re-
sponses to excipients.

Our work is significant because it seeks to
evaluate the excipient responses both quanti-
tatively and mechanistically. In the next phase
of this work we can examine binary or other
mixtures of excipients that are representative
of in-use topical formulations.

However, while the in vitro assessment of
cell viability as a measure of skin irritation
potential of chemicals has long been a vali-
dated gold standard procedure, its relationship
to the in vivo state is indirect. Unlike in vivo,
in which deeper viable skin layers are pro-
tected by a skin barrier composed of non-via-
ble cells in the stratum corneum, in vitro cells
are directly exposed to chemicals. Conse-
quently, for some purposes, skin models such
as commercial human skin equivalents (Liu et

al., 2020) or human skin explants (Patrick et
al., 2021) with histological analysis are used
to assess skin irritancy under what may be re-
garded as more in-use conditions. However,
the OECD guidelines recommend assays us-
ing artificially reconstructed skin. These have
poor barrier properties and are very expen-
sive. Beyond these experimental methods, an
increasing number of commercial and public
domain in silico models is available for pre-
dicting skin irritation and sensitivity
(Selvestrel et al., 2022). Despite their limita-
tions, the cell-based assays used here remain
appropriate for use in screening or ranking of
toxicants and for direct assessment of toxic
mechanisms. A harmonized protocol in con-
junction with robust statistics can be useful in
establishing cell-based assays as an alterna-
tive.

CONCLUSIONS

An in vitro system such as, for example,
an immortalized cell line grown on a 2D sur-
face, is a reliable pre-screening tool to rank
toxicity levels of chemicals prior to perform-
ing further studies on more sophisticated
models. This minimizes the need for animal
tests. It can also be used to generate data for
mechanistic interpretation, and in this work,
we have included ROS generation studies and
cell cycle analysis in a triangulation system to
add the power of this approach.

It is possible to draw some important con-
clusions from this work. First, the tested ex-
cipients produced different results for cell vi-
ability, ROS generation and cell cycle pro-
gression, indicating that they may activate
different mechanisms, or mechanisms to dif-
ferent extents. This supports the vast majority
of literature in this field where toxicant phys-
icochemical properties are of major signifi-
cance. Second, although there was some over-
lap in the MTT and CV assay results, it is
clear that the in vitro assessment of cytotoxi-
city can be assay-dependent. This can assist
with mechanistic understanding; for example,
in this work, results from the trypan blue as-
say with Transcutol® allowed us to under-
stand effects of Transcutol® on cell
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membrane permeability. Assay dependence
also highlights the need for standardized end
point assays. Third, normal and melanoma
cell lines showed different responses to the
test excipients. Our results from the range of
viability, ROS and cell cycle tests provided an
insight into cytotoxicity mechanisms that go-
ing forward, could assist in developing im-
proved cytotoxic cancer therapies. The tested
excipients predominantly caused cell cycle
arrest in the checkpoints to facilitate DNA re-
pair prior to mitosis but did not induce apop-
tosis. Investigations into the generation of re-
active oxygen species (ROS) revealed that ex-
posure to the tested excipients caused ele-
vated ROS levels in all cell lines that could be
associated with cellular essential metabolic
activity and/or to other types of cell death
such as autophagy or necrosis. The greater
sensitivity to excipient exposure shown by the
WM164 cells can be explained by their rela-
tive lack of cell contact inhibition compared
to the normal and other cancer cells.

As noted in the Introduction, it is unlikely
that a single mechanism of cytotoxicity ap-
plies in all cases. Mechanisms have been
widely explored in in vitro experiments with
specific toxicants, using various model sys-
tems or cell lines and end point assays. More
work is required to define the various param-
eters such as toxicant physicochemical prop-
erties that generate specific mechanistic path-
ways, as well as the most appropriate skin
models or cell lines that should be used. A
standardized set of end point assays is also re-
quired. Further work to elaborate the mecha-
nisms of cytotoxicity induced by tested excip-
ients can be done by applying apoptotic/ne-
crotic assays to distinguish different pathways
to cell death within the exposed cell popula-
tion. This would be helpful in understanding
the mode of action of the excipients in induc-
ing toxicity and their potential in vivo irri-
tancy.

This work has concentrated on developing
a coordinated set of experiments to examine
skin toxicity in common pharmaceutical ex-
cipients. Further work is required to use this
approach by expanding it to deal with more

in-use scenarios. In addition, the following
topics require investigation.

Formulations applied to the skin contain
one or more active compounds and a range of
excipients, and as shown in in vivo and some
in vitro studies, synergistic responses may oc-
cur by the interaction of more than one chem-
ical. Our study design can be used to investi-
gate this.

Also discussed above, the way in which
they are applied, often to exposed body sites,
means that skin products are subjected to a va-
riety of degradative processes initiated by
heat, light, etc. It is important to consider the
toxicity of not only the pure actives and ex-
cipients, but also the degradation products,
some of which may become toxic, or increase
in toxicity, compared to the pure compound.

Finally, analogous to predictive models of
in vivo skin permeation based on in vitro data,
further work is needed to use in vitro skin tox-
icity data to predict in vivo responses, and to
assess the correlations between in vitro and in
vivo data with in silico predictions.
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