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Pterostilbene has dermal medicinal benefits such as anti-inflammatory, antioxidative
effects and photoprotective properties against UVB radiation. The purpose of this study was
to evaluate the dermal toxicity of pterostilbene via skin irritation and sensitisation. A skin
irritation test was done according to the Organization Economic Co-operation and Development
404 guideline with the scoring of irritation based on erythema and oedema in 5 albino rabbits
were observed up to 14 days. The sensitisation test using the Buehler Test in accordance with
the ISO 10993-10 guideline was used to study the sensitisation effect of pterostilbene on the
skin surface of albino guinea pigs. According to the primary dermal irritation index (PDII),
the positive control group was classified with severe irritation (scorings of 7.71). No irritation
was observed for the negative control and the 5% pterostilbene treated groups. But, a slight
irritation reaction with PDII scorings of 0.86 was observed in the 10% pterostilbene treated group.
The sensitisation study indicated that pterostilbene did not produce any sensitisation signs,
thus classified as a non-sensitiser agent according to the Magnusson & Kligman classification.
Pterostilbene-treated skin also did not indicate any signs of irritation and sensitisation. In
conclusion, pterostilbene did not cause dermal toxicity upon application on the skin.
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Pterostilbene (trans-3,5-dimethyl-4'-
hydroxystilbene) is a natural compound classified
under the group of polyphenols known as
stilbenoids. Pterostilbene has a partially methylated
structure due to the two methyl groups, which
make up for its more desirable pharmacokinetics
and bioavailability'2. Pterostilbene has exhibited
various pharmacological activities such as
antibacterial activity, antibiotic adjuvant activity,
chemoprevention activity, and high antioxidant

capacity across experimental studies®®. Moreover,
pterostilbene has been proven to be a potential
chemopreventive agent as its ability to decrease
metabolic activation of procarcinogens and enhance
detoxification’. Pterostilbene exhibited several
promising medicinal benefits on the skin, primarily
via its antioxidant activity. An in vivo study showed
that pterostilbene improved the level of antioxidants
in the plasma and blunt lipid molecule peroxidase
activity. Pterostilbene demonstrated the capability
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to treat inflammatory dermatoses by inhibiting
fungi such as Trichophyton sp and Candida
albicans®. A study reported the photoprotective
effects of pterostilbene, whereby pterostilbene
significantly inhibited skin carcinogenesis induced
by 12-O-tetradecanoyl-phorbol-13-acetate (TPA)’.
Those studies demonstrated a crucial potential
for using pterostilbene in skin products, but the
dermal toxicology and safety of pterostilbene
have not been extensively studied. Evaluations
of dermal toxicology and safety of a compound
are essential before product development as these
evaluations provide a fundamental characterisation
of the potential hazards of a product'®. Dermal
irritation or irritant contact dermatitis (ICD) is a
response displayed towards an external stimulus
that may activate innate immunity, cellular changes
and cause the appearance of severe eczematous
lesions'"!?, Conversely, skin sensitisation, also
known as atopic contact dermatitis (ACD), is a
delayed hypersensitivity response mediated by
T-cells towards specific haptens. Haptens elicit an
immune response when they covalently bind with
amino acid residues'*-'*.

Several parameters can be used to
determine skin irritation and sensitisation, and
these could include skin scoring via observation,
white blood cell count, skin histology and skin-fold
thickness determination. Hazardous chemicals that
may cause skin disease are mainly determined by
characterising erythema and oedema formation in
the skin. The severity of erythema present on the
skin’s surface depends on certain factors such as
moisture, pigmentation and skin age's. The general
aim of this study was to assess skin irritation and
sensitisation by pterostilbene applied topically.

MATERIALS AND METHODS

Chemicals

Acetone 70 % System Chemical (USA),
sodium lauryl sulphate (SLS) from Fisher Scientific
(USA), 2, 4-dinitrochlorobenzene from Sigma-
Aldrich (USA), cottonseed oil from Sigma
Aldrich (USA), pterostilbene powder 99.8 %
from Friendemann-Schmidt (USA), ethanol from
System Chemicals (USA), ethyl acetate from
Sigma-Aldrich (USA), KTX (Ketamine/Zoletil/
Xylazine), formalin 10 % and H&E stain from
Sigma-Aldrich (USA).
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Animal Models

Albino rabbits weighing between 2-3
kg were used as the animal models for the skin
irritation test. The rabbits were randomly divided
into two groups, i.e. control and test group. A
positive control agent, sodium lauryl sulfate (SLS)
and the negative control agent, cottonseed oil,
was applied on the same animal. Conversely, the
animals in the test groups were applied with two
different concentrations with 5% pterostilbene
(n=2) and 10% pterostilbene (n=2). A day before
the test was conducted, the dorsal part of the animal
was shaved (approximately 6 cm? 2 cm x 3 cm)
using an electric shaver.

In the sensitisation study, a total of
31 albino guinea pigs weighing 300-500 g (17
females and 14 males) were used; whereby 3
guinea pigs were used in the pilot test and 28
guinea pigs were used in the Buehlers Test.
Animals were obtained from the Faculty of
Medicine, Universiti Kebangsaan Malaysia
(UKM) and were housed in Makmal Bioserasi,
UKM Bangi, a week prior to the tests. All of the
animals were given pellets and drinking water ad
libitum in an adaptable environment with 12 hours
light and 12 hours dark cycle. The temperature
of the room was maintained at 25 + 3°C days
and nights. The research was approved by the
Universiti Kebangsaan Malaysia Animal Ethics
Committee (UKMAEC) with the approval code
of FSK/2018/AHMADROHI/28NOV./973-NOV.-
2018-NOV./2019.
Pterostilbene Preparation

Pterostilbene was prepared in three
concentrations (2.5 %, 5% and 10%). The
pterostilbene solution was prepared a day before
the exposure on the test animal. Only 0.5 mL of
pterostilbene solution was applied on each exposure
site, with the exposure site for the irritation test
being 6 cm? and 5 cm 2 for the sensitisation test.
Control Group

Based on a previous study, SLS
causes skin irritation when applied at a specific
concentration'”'®. As it is widely used in skin
irritant research, 20% SLS was therefore chosen
as a positive control agent in our study. 1 g of
SLS powder was dissolved in 5 ml of phosphate-
buffered solution (PBS). For the sensitisation test,
0.06% DNCB was used as the positive control
agent as it was proven to be a potent sensitizer'*2°.
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The 0.06 % DNCB was prepared by diluting 0.06 g
of DNCB in 1.25 mL of ethyl alcohol. Cottonseed
oil was used as the negative control agent. All
control agents were applied on exposed skin at a
fixed volume of 0.5 ml each.

Experimental Procedures

The sensitisation test was carried out
according to the ISO 10993-10 Guideline by
implementing the Buehlers Test method (also
known as the closed patch test method). A pilot
test was carried out prior to the Buehlers test to
determine the inducing and the challenge doses
for the conformational Buehlers Test. A day before
patching the test substances, the flank of the guinea
pigs was shaved with an electronic shaver to ensure
maximal contact and absorption of substances
through the skin of the animals. The application
of each compound was done by applying 0.5 mL
of the compound on a piece of 2.5 cm x 2.5 cm
cut of filter paper and cotton gauze before being
patched on the marked surface of the skin. It was
then wrapped with a semi-occlusive surgical tape
to ensure the patch stayed in place.

Pilot test, the left and right flanks of the
guinea pigs were shaved, anda2.5 cmx 2.5 cm area
was marked for the application site for each dose
of pterostilbene tested. The left flank was applied
with a 10% concentration of pterostilbene, while
the right flank was applied with 2.5 % pterostilbene
on the upper flank and 5% pterostilbene on the
lower flank. The application patch was left for
approximately 6 + 30 hours. Upon removal of the
patch, the area that was applied with pterostilbene
was wiped with tap water and was observed for
any signs of erythema or oedema and was scaled
from 0-3 based on the Magnusson and Kligman
scale at 0 hour, 24 hours and 48 hours after patch
removal. The 10 % pterostilbene is the inducing
dose as it was the minimum dose that produced
minimal erythema on the surface skin, while 5 %
pterostilbene was chosen as the challenge dose for
being the maximum dose that produced no signs of
erythema on the skin surface. After determination
of the inducing and challenge doses, these doses
were also used to further confirm any sensitisation
effects on the surface on the skin.

Buehler’s Test with 28 guinea pigs was
assigned into three groups, which were the positive
control group, negative control group and the
pterostilbene group. The positive control group
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consisted of 11 animals and was applied with 0.06
% DNCB. The negative control group consisted
of 6 animals and was applied with cottonseed oil
and the pterostilbene group consisted of 11 animals
and was applied with the pterostilbene. All animals
had to undergo two phases in the Buehler Test,
which were the inducing and challenge phases. In
the inducing phase, the left flank of the animals
was shaved 24 hours prior to the application of
the tested agent or control and each animal was
patched with respective compounds. The animals
in the pterostilbene group were patched with the
10% inducing dose. The animals were patched
for 3 days a week and 3 weeks continuously, with
each patch being applied for approximately 6 + 30
hours. After the inducing phase, the animals were
given 14 days rest period to allow any priming of
the immune system towards any possible sensitiser.
After 14 days, the animals entered the challenge
phase, and the right flank of the animal was used
to patch respective compounds with shaving done
24 hours prior to the patching. The pterostilbene
group was applied with the 5 % challenge dose,
and all the patches were applied for 6 =30 hours.
Skin morphology observation

In the irritation test, the exposed area was
observed before the patch was applied to ensure
that the reaction that appeared after patch removal
was caused by the tested substances. Scoring and
grading of reactions were carried out according to
Draize’s test scoring system with a maximum grade
of 4 for a severe reaction®'. Erythema, oedema and
eschar were major indicators for irritation reaction.
For the sensitisation study, upon removal of the
patch, the skin of the animals was rinsed with water
and was observed for any signs of erythema or
oedema. The sensitisation effect was scaled using
the Magnusson and Kligman scale with 0 as an
indication of no observed reaction and 3 being the
most severe reaction observed at the time interval
of 0 hours, 24 hours and 48 hours after patch
removal.
Skin-fold thickness

Skin-fold thickness measurement is
widely used nowadays to determine the presence
of oedema in the irritation test>. (Kim, 2016).
This non-invasive method was carried out using
the Harpenden skinfold calliper by pinching the
end-to-end exposure area and clipping the area
with a calliper.
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Differential white blood cell count

The blood obtained from cardiac skin
puncture was used to perform a blood smear and
smeared slide was then stained with Wright’s stain
to allow a better observation of the blood cells on
the slide. After smearing, a differential white blood
cell count was done to observe any changes in the
level of each white blood cells.
Skin histology changes

After 14 days of observation in the
irritation study, the animals were sacrificed by an
overdose of ketamine/zoletil/xylazine (KTX) i.e.
1.0 ml/g intramuscularly. The skin of the exposure
area was obtained by using a surgical puncher
whilst the euthanised animals in the sensitisation
study underwent skin biopsy to obtain the skin
tissue sample. The obtained skin tissue sample was
immersed in 10% neutral buffered formalin, then
embedded in paraffin. The tissues were sectioned
at 3-5 pm prior to staining with Haematoxylin &
Eosin (H&E) staining.

RESULTS AND DISCUSSION

Skin morphology

Figure 1 shows the irritation reaction
observed in the positive control group on the
exposed skin area at 1 hour, 24 hours, 48 hours
and 72 hours after patch removal respectively.
Application of 20% SLS as the positive control
agent resulted in erythema and oedema reaction
one hour after the patch removal. However, slight
redness that appeared on the positive control group
was graded with a score of one according to the
skin irritation reaction”. No significant reaction
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appeared after one hour for the other groups. Thus
they were graded with a score of zero. After 24
hours, 48 hours and 72 hours observations, skin
sections in slides showed that the positive control
group had developed a more obvious reaction of
erythema and oedema. The grade for the reaction
was also found to increase by fold. Eschar
formation that started to appear after 72 hours in
the positive control group indicated that the skin
was irritated by 20% SLS. The skin was graded
with a score of 4 for eschar formation and severe
erythema. This reaction is classified as severe
with a PDII score of 7.71 (severe = 5.0-8.0). Skin
observation for both the negative control group and
5% of pterostilbene did not show any significant
erythema or oedema reaction up to 72 hours. It thus
was graded with a PDII score of 0 (not significant =
0.0-0.4) after 14 days of observation. Nonetheless,
10% of pterostilbene showed that a slight reaction
appeared 72 hours after patch removal with slight
erythema, and it was graded with a score of 2.
After all the calculations and data recorded, 10%
pterostilbene was classified as a slight reaction with
a PDII score of 0.86. Table II shows the PDII score
and the classification of the reaction up to 14 days
of observation.

In the sensitisation study, macroscopical
observation of the skin for the positive control
group applied with 0.06 % DNCB showed slight
erythema at 0 hour and was scaled with a score of
1 according to the Magnusson & Kligman scale
whilst both the negative control group that was
applied with cottonseed oil and the pterostilbene
group that was applied with pterostilbene solution
did not exhibit any signs of erythema nor edema;

1 hour 24 hour

72 hour

Positive
control

N

-

L -'25. 0

Fig. 1. Gross observation of rabbit skin. The reaction of the positive control group on the exposed
skin area was applied for 4 hours after 1 hour, 24 hours, 48 hours and 72 hours respectively
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thus, a scale of 0 was scored for both these groups
at 0 hour. After 24 hours, the positive control group
had a more intense, dispersed reaction, while the
negative control group and the pterostilbene group
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still showed no indications of erythema and oedema.
After 48 hours, the skin surface of the positive
control group showed intense erythema with the
presence of oedema whilst the negative control
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Fig. 2. Evaluation of skinfold thickness for oedema reaction (irritation). The skinfold thickness (mm) of all the
groups is represented by mean =+ standard error mean (SEM). *Significantly lower than the positive control group
by using the One-Way ANOVA test (p< 0.05)
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Fig. 3. Differential white blood cell count. The white blood cell count between groups; data represented by mean
+ standard error mean (SEM). *Significantly lower than the positive control group between respective blood cells
by using the One-Way ANOVA test (p< 0.05).
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group and pterostilbene group remained with no
signs of sensitisation reaction macroscopically. The
results of the observation were scored according
to the scale and are tabulated in Table II. The total
number of animals that exhibited sensitisation
reaction 48 hours after removal of the patch was
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tabulated with the percentage for each group. The
sensitising potential was also scored based on the
Magnusson & Kligman sensitiser classification, as
shown in Tables III and IV.

A single application of 5% pterostilbene
for 4 hours did not produce any severe reaction

A

Fig. 4. Skin Histological Observation (irritation). Histological slides of negative control with normal morphology
of skin. Ke: keratin; Ep: epidermis; D: dermis; G: gland

Fig. 5. Skin observation under 400x magnification with normal morphology. (POS): (A) Positive control group;
(B) (5%): 5% of pterostilbene; (C) (10%): 10% of pterostilbene. Ke:keratin; Ep: epidermis; Ko: collagen; Fr: hair
follicles; D: dermis; a: Fibroblast.
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of erythema. However, 10% pterostilbene caused
a slight reaction. We also found similar results
in the sensitisation test whereby repeated 10%

Table 1. Skin morphology (irritation) based on
Primary Dermal Irritation Index (PDII)
score and the classification of the reaction
up to 14 days of observation

of pterostilbene application did not produce
any sensitiser reaction. Our results agree with a
previous study that reported Resvida " did not cause
any irritation and sensitisation effects towards
rats?*. The macroscopical observation in the
sensitisation study showed that the positive control
group alone exhibited intense erythema along with
the presence of oedema. However, no reactions
were seen in the pterostilbene-treated groups.
The topical treatment of pterostilbene
exhibits photoprotection and skin anti-aging
properties on the UVB radiation induced skin
damage in mouse model®. (Sirerol et al., 2015).
Although a previous study evaluated the safety

Group PDIL Classification
score of reaction
Positive 7.71 Severe
Negative 0 Not significant
5% pterostilbene 0 Not significant
10% pterostilbene 0.86 Slight

Table 2. Skin morphology (sensitisation): Total number of guinea pigs
exhibiting sensitisation reaction based on the Magnusson & Kligman scale

Groups

Result
Magnusson & Kligman scale

Total Guinea pig

Positive control

Negative Control

Pterostilbene

0: No visible change

1: Discrete or patchy erythema

2: Moderate and confluent erythema
3: Intense erythema and swelling

0: No visible change

1: Discrete or patchy erythema

2:
3
0
1
2
3

Moderate and confluent erythema

: Intense erythema and swelling

: No visible change

: Discrete or patchy erythema

: Moderate and confluent erythema
: Intense erythema and swelling

SO~ NO O~ W~ XN Oo

;

Fig. 6. Skin Histological Observation (|

pterostilbene and, (C) negative control-treated groups under X100 magnification. K: Keratinocyte; C: Collagen;

E: Epidermis; S: Spongiocyte.
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of orally administered pterostilbene at doses of
0, 30, 300 and 3000 mg/kg body weight/ day in
vivo?, there remains a paucity for data on the
dermal toxicity of pterostilbene. Evaluation of
skin sensitisation is considered one of the five
toxicological endpoints in evaluating the safety
and risk of certain substances or ingredients in a
product that will be applied on the skin surface”.

Sensitisation of the skin is categorised
as a Type IV Hypersensitivity or delayed
hypersensitivity, and it refers to the accelerated
response and intense reactivity towards an antigen
or sensitiser that was previously exposed to an
individual®®. (Eloy et al., 2001). According to the
United Nations Globally Harmonized System of
Classification and Labelling of 79 Chemicals in
2017, a skin sensitiser is a substance or mixture
that can cause an allergic response when exposed
to the surface of the skin. Generally, Type IV
Hypersensitivity occurs in the presence of two
phases, which are the induction phase and the
challenge phase. The induction phase involves
activation and maturation of dendritic cells
following contact towards any sensitiser or hapten.
A dendritic cell or also known as the antigen-
presenting cell will then migrate to the lymph
nodes to present the antigen of sensitiser that it has
come into contact with within the skin to stimulate
specific T cell proliferation”. Subsequent exposure
towards the same sensitiser will cause the second
phase of sensitisation, which is the challenge
phase involving the migration to primed T cells
and production of a localised immune response
induced by CD8+ T Cell***!. These events result
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in the manifestation of clinical symptoms such as
rashes, urticarial and oedema, usually between 24
to 72 hours after exposure at the challenge phase.

To assess the sensitisation potential
of a specific compound, the Buehlers Test was
conducted in accordance with the ISO 10993-10
guideline. In our study, three groups of animals
underwent two phases of sensitisation: the
induction and the challenge phases. Upon removing
the challenge patch, the animals were evaluated
for the safety of pterostilbenes via macroscopical
evaluation, differential white blood cell count and
histological observation.

Evaluation of skinfold thickness for oedema
reaction

Observation of oedema through physical
changes is qualitative, and therefore the results
are supported with the quantitative measurement
known as skinfold thickness. Based on the data,
skinfold thickness for the positive control group
(4.27 + 0.02 mm) was significantly higher than
the negative control group (3.53 + 0.03 mm). It
was noted that skinfold thickness for pterostilbene
treatment groups, i.e. 5% (3.33 + 0.14 mm) and
10% (3.35 £ 0.21 mm), also showed significant
differences compared to the positive control group
(p<0.05). Figure 2 shows the skinfold thickness of
all the groups (data is shown in mean + standard
error mean).

Oedema was measured quantitatively via
skinfold thickness measurement using Harpenden
skinfold calliper. As shown by the data obtained,
the skinfold thickness between the positive
control group and the pterostilbene-treated group

Table 3. Magnusson & Kligman sensitiser classification table

Sensitization Concentration at Sensitization
presence (>60 %) induction phase (%) presence (15-60 %)
Extreme <0.2 Strong
Strong >0.2-<20 Moderate
Moderate >20 Moderate

Table 4. Sensitising potential of each compound

Groups 24 hours (%) 48 hours (%) Reaction Class
Positive Control 100 100 Strong sensitiser
Negative Control 0 0 Non-sensitizer

Pterostilbene 10% 0 0 Non-sensitizer
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was significantly different, with lower skinfold
thickness noticed in the pterostilbene-treated group.
Thus, our study demonstrated that 5% and 10% of
pterostilbene did not cause any oedema.
Differential white blood cell count

On analysis of differential white blood
cell count, it was observed that the lymphocyte
count for the positive control group (53 +5.2) was
significantly higher (p<0.05) than the negative
control group (37 + 5.7) and the pterostilbene-
treated group (30 + 3.8) (Figure 3). Similarly, the
monocyte count for the positive control group (12 +
1.8) was also significantly higher (p<0.05) than the
negative control group (4 + 0) and pterostilbene-
treated group (4 + 1.2).

Differential white blood cell count
showed a significant increase in the levels of
lymphocyte and monocyte of the positive control
group compared to the pterostilbene-treated group.
The increase in the level of lymphocytes can be
explained based on the observations from a study
done by Albanesi (2010), which explained that the
increase in lymphocytes was due to the repeated
exposure towards an allergen or sensitiser over
the period of 29 days*. Monocytes would then
migrate and proliferate at the site of challenge
exposure when an area of the skin was exposed to
the challenge phase of a sensitizer®.

Skin Histological Observation

The negative control group showed
normal morphology of skin tissue with three layers
of the skin; epidermis, dermis and basal. Figure 3
shows the skin histology of the negative control
group under 400x magnification. At the top of the
epidermis layer, the keratin was found intact, with
the epidermis arranged neatly. The epidermis did
not show any spongiosis formation scattered, and
some fibroblast, glands and follicle hairs were found
on the epidermis and dermis layer. The groups with
5% and 10% of pterostilbene treatment were found
to almost resemble the skin morphology of the
negative control group. Observations showed that
neither 5% nor 10% pterostilbene treated groups
had any abnormal changes in skin morphology
under the microscope (Figure 4). The positive
control group also showed normal morphology of
skin after 14 days of observation. It could indicate
that there was a reversibility effect occurred (Figure
4). In addition, the positive control showed thinning
of the epidermis and damaged keratinocytes.
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Spongiocytes were present in the epidermal layer.
The negative control and pterostilbene treated
groups did not indicate any sensitisation effects
that could be seen histologically. The histological
findings are shown in Figure 5.

In the irritation study, the histological
observation of the positive control, negative
control, and pterostilbene-treated groups showed
the characteristics of normal skin histology. The
positive control showed normal histology due
to the fact that resolution had probably occurred
over the course of 14 days. The appearance of
normal histology in the 5 % and 10 % pterostilbene
treated skin indicated that no irritation occurred.
In the sensitisation study, the positive control
group showed a thickening in the epidermal layer
suggesting infiltration of inflammatory cells due to
the exposure towards a sensitizer**. Spongiocytes
were also present in the epidermal layer, leading to
the observation of oedema in the positive control
group*. On the other hand, the pterostilbene treated
groups showed the appearance of normal skin
histology, indicating no sensitisation had occurred,
and no inflammatory cells were present in the
epidermis layer, as demonstrated in Figure 6.

CONCLUSION

Asingle dermal application of pterostilbene
did not cause any significant skin irritation. The
slight erythema effect reported was not reliable
since the application of the repeated exposure
of pterostilbene in the skin sensitisation test did
not indicate any signs of erythema nor oedema.
Besides, the absence of significant changes in the
white blood cell, skinfold thickness and normal
skin histological observation proved that topical
application of pterostilbene did not cause skin
irritation and sensitisation.
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