Ameliorative Efficacy of Combined
Betel and Tea Tree Essential QOil-
Incorporated Cream on DNCB-
Induced Atopic Dermatitis-like Symp-
toms in BALB/c Mice

ABSTRACT

Aims: This study aimed to investigate the ameliorative efficacy of combined
betel and tea tree essential oil-incorporated cream on DNCB-induced atopic
dermatitis-like symptoms in BALB/c mice.

Methodology: cream formulation containing blended betel essential oil (1%)
and tea tree essential oil (0.5%) was topically applied onto the dorsal skin of
2,4-dinitrochlorobenzene-sensitized BALB/c mice once a day during four
weeks of assay. Phosphate-Buffered Saline (PBS) and protopic (tacrolimus
0.1%) were used as negative and positive control, respectively. All mice were
subjected to the assessment of AD-like symptoms including the severity of
skin lesions, frequency of scratching behavior and histological features.
Results: The blended essential oil-incorporated cream has significant effect
against DNCB-induced eczematous skin lesions in BALB/c mice with the
dermatitis score of 2.17 = 0.75 (n = 6, p < 0.05) and the number of scratching
behavior of 6.09 £ 1.28 (n = 6, p < 0.05) compared to negative control (7.00 +
0.63 and 18.55 + 1.23, n = 6, p < 0.05, respectively). Animals treated showed
dose-related improvements in the histology of the skin.

Conclusion: These findings confirmed the ameliorative efficacy of betel and
tea tree essential oil-incorporated cream on DNCB-induced atopic dermatitis
like symptoms in BALB/c mice. However, further studies are necessary to

elucidate the possible synergistic effect of blended essential oils from betel




and tea tree as well as the interplaying roles of major molecules present in

essential oils.
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1. INTRODUCTION

“Atopic dermatitis (AD) or atopic eczema is a chronic skin inflammatory disease that
occurs commonly in young children, but it can also affect adults of all ages and genders
with the hallmark of intense pruritus” [1]. “People with AD may typically experience pe-
riods where the disease gets worse and the symptoms become more severe (flare-ups),
followed by periods where the skin condition improves and the symptoms are mild or
even no signs of AD (remissions). The symptoms and frequency of AD flare-ups can be
significantly variable from person to person, and from time to time depending on a per-
son’s age, phenotype and inflammatory response profile. Typical AD symptoms including
erythematous eczematous skin lesions, xerosis, lichenification, cutaneous hyperactivity
and hyperkeratosis in both intrinsic and extrinsic AD types manifest through acute, sub-
acute and chronic AD cause serious disturbance for patients in daily life” [2]. “AD can
develop any area of the body, but the most common parts to be affected are face,
cheeks, scalp, hands, fingers, elbows, knees, arms, legs and feet. The pathogenesis of
AD is not fully understood, but it is clear that AD may be likely attributed to a combination
of various factors including genetics, skin condition (dry skin), immune-mediated res-
ponses, emotional triggers and provocations from environmental factors such as micro-
organisms, irritants, allergens, tobacco smoke, food or changes in climate” [3]. It is
noteworthy to know that filaggrin protein has been proven to be one of the most signifi-
cant genetic risk factors for AD. Filaggrin is found in cells that make up the major struc-
ture of the stratum corneum of the epidermis. Filaggrin plays a vital role in maintaining
the structural integrity of epidermis and building a strong skin barrier, thereby regulating
skin moisture levels and protecting against pathogenic agents such as bacteria, aller-
gens or irritants. Research indicated that people with AD might have a mutation of filag-
grin gene (FLG) responsible for encoding the synthesis of filaggrin. Lack of expression of
filaggrin protein may predispose to the weakening of skin barrier function. As a conse-
guence, the skin becomes less effective in retaining proper moisture levels. Additionally,
owing to the defective epidermis, bacteria or viruses can enter the outer layers of skin
which in turn can exacerbate the severity of AD skin lesions. This is the reason why
many people suffer from AD tend to have dry, scaly and infection-prone skin. Emollients,
commonly known as specific ingredients of moisturizers, are effective in protecting dam-
aged skin affected by AD. By softening the skin and improving skin hydration, emollients

can enhance the skin barrier function and reduce skin dryness, thereby relieving itching,



scaling, and protecting the skin from irritants. On the other hand, immunological res-
ponses, specifically different excessive immune responses of Thl and Th2 cells in in-
flammatory regulation that leads to different hypersensitive reactions producing various
mediators, are chiefly regarded as the central of AD pathogenesis. The treatments of
AD, thus, aim to ameliorate the immune dysregulation caused by imbalance between
Thl and Th2, reduce pruritus intensity and recover functionality of the skin barrier, which
is damaged by prolonged inflammatory response [4].

“There is currently no cure for AD, but various therapies may help relieve symptoms or
manage control triggering factors. Among various current therapies, topical remedies
remain the mainstay of treatment for AD, owing to their proven effectiveness and gener-
ally less side effects than systemic medications. Common topical prescribed medications
for AD include corticosteroids, calcineurin inhibitors, Janus kinase (JAK) inhibitors and
phosphodiesterase 4 (PDE4) inhibitors. However, some existing AD treatments are
bound to certain concerns that could negatively affect patients’ adherence to the treat-
ment: topical corticosteroids (TCS) are currently classified as the first-line treatment for
AD flare-ups. Noticeably, the use of TCS as standard management associates with pho-
bia of local side effects like skin atrophy, striae, steroid rosacea, senile/solar purpura,
telangiectasia, hypertrichosis, pustular psoriasis or perioral dermatitis. Additionally, long-
term use of TCS may be associated with a potentially serious side effect, namely topical
steroid withdrawal (TSW)” [5-8]. Topical calcineurin inhibitors (TCI) are corticosteroid-
sparing immunomodulators used as second-line treatment for moderate to severe AD
(tacrolimus) or mild to moderate (pimecrolimus). Notably, TCI might cause immunosup-
pression, local skin irritating effects (pruritus, erythema, burning), folliculitis, molluscum
contagiosum, tinea incognito, facial acne, allergic contact dermatitis or rosacea-like der-
matitis [9]. “Indeed, the search for a novel and effective anti-AD agent deserves special
attention considering its convoluted, frustrating nature and wide span of endemic areas.
Accordingly, a serious demand for discovery and development of complementary ap-
proaches to AD has been imposed, promoting the practice of holistic methods and utili-
zation of naturally derived materials to a great extent” [10].

Generally, the alternative and complementary medications will be taken into considera-
tion if AD does not respond to conventional therapies. Indeed, many people find natural
remedies and naturally occurring ingredients can be beneficial to the treatment of AD.
Practically, some essential oils have been proven potentially effective in ameliorating
symptoms of AD over the years. Common essential oils used to combat AD include Ro-
man chamomile (Anthemis nobilis), clove (Syzygium aromaticum), lavender (Lavendula
angustifolia), rosemary (Rosmarinus officinalis), lemon balm (Melissa officinalis), tea tree

(Melaleuca alternifolia), Australian sandalwood (Santalum spicatum), frankincense



(Boswellia carterii, Boswellia serrata and Boswellia ferreana), peppermint (Mentha ar-
vensis) and thyme (Thymus vulgaris). In fact, essential oils are not regulated by The
Food and Drug Administration (FDA) to treat or prevent symptoms of AD; this is partly
owing to lacking of many clinical trials or scientific evidence supporting the effectiveness
of essential oils for treatment of AD. Nevertheless, essential oils are still regarded as one
of the most alternative treatments of AD, owing to their significant pharmacological prop-
erties including antimicrobial, antioxidant and anti-inflammatory properties. Essential oils,
thus, would not be recommended for replacing prescribed medications for AD. Instead,
they could be a beneficial supplement as an adjunct to conventional therapy in the
treatment and prevention of AD. In general, some essential oils can potentially ease
symptoms of AD in various different ways, such as: (1) help repair skin damage, promote
healing of wounds and skin cell regeneration; (2) significantly soothe and relieve pruritus
thanks to anesthetic properties; (3) help reduce inflammation and protect against infec-
tions; (4) help relieve pain, swelling, redness and irritation; and (5) help rejuvenate dry

skin and reduce scarring [11-15].

Piper betle L. (P. betle), commonly known as betel vine, belongs to genus Piper of the
Piperaceae family. Betel leaf essential oil (BLO) is a complex chemical mixture consist-
ing of approximately between 30 to 60 natural volatile compounds. These compounds
mainly belong to classes of terpenes and phenols in various proportions depending on
the botanical origin of the betel leaves. Major components of BLO include anethole, cha-
vicol, chavibetol, eugenol, eugenol acetate, germacrene-D, isoeugenol, and safrole [2-9].
BLO possesses a variety of significant pharmacological properties including antiseptic,
antioxidant, antimicrobial and radio-protective properties. Nevertheless, as evidenced
from previous studies, the antiseptic property of BLO is attributed chiefly to the major
constituents of BLO including chavicol, chavibetol and eugenol [16-19]. On the other
hand, Melaleuca alternifolia (M. alternifolia), commonly known as tea tree, is a member
of the family Myrtaceae native to Australia. Tea tree essential oil (TTO), a mixture of
natural volatile compounds extracted mainly from tea tree leaves, has been widely used
as an alternative and complementary therapy for a variety of skin conditions such as
acne, wounds or contact dermatitis. TTO possesses various significant biological activi-
ties including antimicrobial, antioxidant and anti-inflammatory properties. TTO is com-
posed of approximately 100 various chemical compounds. Chemical analysis of TTO
reveals the presence of terpinen-4-ol, p-cymene, y-terpinene, a-terpineol, terpinolene, a-
pinene, a-terpinene and 1,8-cineole [20-23]. As indicated from previous literature, the
antibacterial and antifungal properties of TTO are attributed mainly to terpinen-4-ol and
a-terpineol. In this regard, this study was primarily focused on investigating the amelio-
rative efficacy of combined betel and tea tree essential oil-incorporated cream on 2,4-

dinitrochlorobenzene (DNCB)-induced atopic dermatitis-like symptoms in BALB/c mice.



2. MATERIALS AND METHODS

2.1. Chemicals and reagents

2,4-dinitrochlorobenzene (DNCB) was purchased from Sigma Chemical Co. (Singapore)
and dissolved in the mixture of acetone/olive oil (1:4) to make 1% (w/v) and 0.5% (w/v)
solutions. Protopic 0.1% (tacrolimus ointment) was obtained from a pharmacy. BLO and
TTO were provided by the Laboratory of Applied Biochemistry, Department of Applied
Biochemistry, School of Biotechnology, International University, Vietnam National Uni-
versity-Ho Chi Minh City, Vietnam with voucher No. HB-BIO-09-03-22. The data on the
composition of both BLO and TTO were also available. The essential oil from P. betle
contains 13 compounds representing approximately 95% of the total oil. The chemical
composition of BLO which was determined by GC-MS revealed the presence of eugenol
(39.21%) followed by other components: eugenol acetate (16.42%), 4-allyl-1,2-
diacetoxybenzene (12.24%), terpinen-4-ol (6.58%), a-cadinol (6.13%), y-terpinene
(3.46%), and sabinene (2.14%). Meanwhile other compounds made contributions less
than 2% each to the total composition of essential oil. On the other hand, the essential
oil from M. alternifolia consists of 12 compounds accounting for almost 97% of the total
oil. The major components of TTO were terpinen-4-ol (49.62%), followed by other com-
ponents: y-terpinene (18.08%), a-terpinene (9.16%), p-cymene (5.89%), a-terpineol
(4.94%), terpinolene (3.47%), and a-pinene (2.02%). Meanwhile, other substances con-

tributed lower than 2% each to the total composition of essential oil.

2.2. Animals

BALB/c mice were procured from Pasteur Institute of Ho Chi Minh, Vietnam and allowed
to acclimate in experimental conditions for 1 week. All mice were kept in controlled envi-
ronment of 12 h of light and dark cycle, while a standard diet and water were provided ad
libitum. All experiments on mice were in accordance with the Guide for the Care and Use
of Laboratory Animals (8th edition) [24] and Principles of laboratory animal care (NIH
publication No. 85-23, revised 1985).

3. Cream Preparation

Table 1. Formulation of the Topical Cream.

Ingredient Amount (%)
Cetearyl alcohol 2.50
Ceteareth-20 2.50

Oily phase Ceteth-2 2.50

Cetyl alcohol 1.00



Isopropyl myristate 3.00

Propylene glycol 0.50
Aqueous phase Carbomer 940 0.30

Phenoxyethanol 0.90

Polysorbate 80 0.90

BLO 1.00

TTO 0.50

Deionized water Qs. 100%

The preparation of oily phase was conducted by melting together cetearyl alcohol,
ceteareth-20, ceteth-2, cetyl alcohol and Isopropyl myristate in a beaker with continuous
heating in a water bath at 70°C-75°C. Meanwhile, carbomer 940 was dispersed in warm
deionized water (70°C-75°C) with agitation. Propylene glycol and preservative phenox-
yethanol were then added to complete the formation of aqueous phase. When the oily
and aqueous phase were at the same temperature of 50 + 2°C, the aqueous phase was
slowly added to the oily phase, with continuous stirring until the temperature had
dropped to 40 * 2°C. The essential oils were then emulsified by polysorbate 80 prior to
being incorporated into the mixture. Finally, deionized water was added to make up 100
g of semisolid cream formulation. Homogenization of this combination was carried out by
a homogenizer for 30 minutes until a smooth, clump-free cream with good integrity was
obtained. pH Values of all prepared cream formulations were adjusted to 4.5-5.0 using
0.2% citric acid and 0.1% triethanolamine. The cream formulations were left to cool to
room temperature prior to being filled into sterile air tight containers, sealed and kept in

cool place. The composition of cream formulation is presented in Table 1.

3.1. Evaluation of cream formulation
3.1.1. Physical observation
Physical characteristics including color, odor and feeling of application of prepared

creams were documented.
3.1.2. Homogeneity
All the prepared cream formulations were subjected to visual and manual inspections, as

the presence of any clump or disintegration was considered signs of heterogeneity.

3.1.3. Determination of pH



The pH values were determined using digital pH meter following the dissolution of 0.5 g
of cream sample in 50.0 mL of deionized water. Prior to the pH examinations, the pH
meter was calibrated using standard buffer solutions (pH 4, 7 and 10). The measurement

of each cream was triplicated.

3.1.4. Stability study
The stability of cream formulations was assessed based on the changes in appearance,

pH, odor, color and after-feel in a 2-month interval.

3.1.5. Skin Irritation
Ten human volunteers in the test for irritation received 1.0 g of each prepared cream for
topical application on an area of 1 cm?. The participants were asked to record and report

any occurrence of swelling, redness or itchiness after 24 h.

3.2. Induction of AD and topical treatment on mice model

Induction of atopic dermatitis was carried out following a previously used protocol with
slight modifications [25]. "Briefly, dorsal skin of mice were shaved using depilatory cream
before being sensitized with 100 pL of 1% DNCB on day 1, 3, 5 in first week. Animals
whose dermatitis scores were not statistically different with similar clinical manifestations
were then chosen and randomized in to 4 groups of 6. For the next 3 weeks, mice skin
was challenged with 100 pL of 0.5% DNCB thrice a week, simultaneously with daily topi-
cal application of treatments. Group |: mice received 100 pL of PBS (normal mice).
Group II: mice sensitized with DNCB received 100 pL of cream base (negative control).
Group llI: mice sensitized with DNCB received 100 pL of blended essential oil-
incorporated cream. Group IV: mice sensitized with DNCB received treatment with pro-
topic 0.1% (positive control). All mice were euthanized by inhalation of diethyl ether in

week 4 for the purpose of skin histological assessment” [32].

3.3. Scratching behavior observation

Scratching behavior of mice in terms of the number of scratching bouts was recorded
following previously described method [26]. For each mouse, only back scratching with
hind paws was counted in 20 minutes by visual observation once a week before the ex-
posure to DNCB.

3.4. Evaluation of skin lesions severity
“During the challenge and topical treatment of blended essential oil-incorporated cream,
the development of AD was evaluated based on 4 clinical parameters including erythe-

ma/hemorrhage, edema, excoriation/erosion, and scaling/dryness that were marked on



the scale of 0-3, as 0 (none), 1 (mild), 2 (moderate), and 3 (severe) following Eczema
Area and Severity Index (EASI)—lesion severity atlas” [27]. Dermatitis score therefore
ranged from 0 to 12 as a sum of severity points of these parameters and was assessed

blindly by two individuals once every week.

3.5. Histological examination

“Skin biopsies were collected on the last day of week 4 and immediately fixed in 10%
neutral buffered formalin for 12 hours. The samples were then dehydrated by alcohol in
graded concentration (50-100%), cleared in xylene and embedded in paraffin wax before
being sectioned at a thickness of 4 um for the purpose of H&E staining. Signs of acan-
thosis, spongiosis and parakeratosis were recorded. The thickness of epidermal and
dermal layer was measured to assess the degrees of hyperplasia and hyperkeratosis”
[32]. Procedures were performed under supervision and guidance of a doctor (Histopa-
thology Department, University of Medicine, Ho Chi Minh City).

3.6. Statistical analysis

All the results were expressed in terms of Mean + Standard deviation (SD). t-test, one-
way and two-way analysis of variance (ANOVA) for comparisons between groups were
conducted. Significance level was set to be less than 0.05. GraphPad Prism 6 was used

for data analysis.
4. RESULTS

4.1. Evaluation of cream formulation

Table 2: Physical characteristics and skin irritation of cream formulations in the

duration of 2 months.

Period Color Appearance Homogeneity pH Skin irritation testing of creams

Edema  Erythema Pruritus

Initial White  Smooth, opaque Good 4.82+0.02 No case No case No case

After two months  White ~ Smooth, opaque Good 470+£0.01 Nocase No case No case

All the prepared cream base formulations were opaque white, shining and easy to
spread product with firm smoothness. Other blended essential oil-incorporated cream
formulations were pearlescent white in color and had also listed characteristics along
with a typical odor of essential oil. All creams gave a cooling sensation and good adhe-
rence on skin, while they could be easily removed by tap water. The homogeneity, pH
values, stability study and skin irritation tests of these cream formulations were summa-
rized in Table 2.



3.2 Clinical observation

Figure 1: Effects of blended essential oil-loaded cream on DNCB-sensitized mice.

Clinical manifestations observed in mice in week 4. Group I: Normal mice; Group Il: DNCB + cream base
(negative control); Group lll: DNCB + essential oil-incorporated cream; Group 1V: DNCB + protopic 0.1% (posi-
tive control).
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Figure 2: Dermatitis severity of experimental groups during treatment period. Dermatitis score based on
signs of erythema, edema, excoriation and lichenification of skin was evaluated once a week. Each bar
represents the Mean + SD (n = 6); p < 0.05 compared to negative control.

3.4 Scratching behavior



u Group | Group Il mGrouplll mGroup IV
25.00 p p p p

20.00
15.00

T

10.00

!

:
:

o HUEE @& i 0 0

Day 0 Day 7 Day 14 Day 21 Day 28

o

Number of scratching bouts per 20 minutes

Figure 3: Scratching behavior during treatment period. The number of scratching bouts by hind legs was
recorded for 20 minutes weekly before sensitization of DNCB. Each bar represents the Mean + SD (n = 6); p <
0.05 compared to negative control.

In response to multiple repeated exposure to DNCB, the dorsal skins of challenged mice
developed acute AD-like symptoms including the formation of pustules, typically with
consequent edema/papulation, erythema/hemorrhage, excoriation and scaling/dryness
compared to control group received vehicle. Besides, erosion gradually aggravated skin
condition. Mice from negative control exhibited the severity of skin lesions, characteristi-
cally a chronic symptom of lichenification. However, these features were well-illustrated
in mice from negative control group and appeared to be less severe in others. Mean-
while, it can be clearly observed the skin conditions of blended essential oil-incorporated
cream-treated mice were distinguishable from that of negative control, as crust forma-
tion, skin dryness and lesion areas were visibly ameliorated. For positive control mice
which received topical application of protopic 0.1%, all acute and chronic AD-like symp-

toms were only mildly severe (Figure 1).

During four weeks of experiment, the development of AD was observed and evaluated
by summing up the score given individually on 4 parameters including erythema, edema,
excoriation and lichenification in the scale from 0 to 3 (0 (none), 1 (mild), 2 (moderate)
and 3 (severe)). In general, there was no statistically significant difference among tested
groups after one week of assay. However, it was clear to observe the significant differ-
ence from the day 14 onwards and extremely significant difference on the last day of
treatment that the symptoms in group Il mice were considered significantly different from

that of negative control. The dermatitis score of group Ill was recorded 2.17 £ 0.75 (n =



6, p < 0.05) compared to that of group 11 (7.00 £ 0.63, n = 6, p < 0.05) after 28 days of
experiment, denoting the effective therapeutic potency of blended essential oil-
incorporated cream in reducing AD-like symptoms in BALB/c mice. Generally, there was
no statistically significant difference between group Ill and 1V throughout the experiment
as protopic 0.1% notably suppressed AD-like symptoms from the second week. Howev-
er, it was observable that the severity of skin lesions in group IV was milder than that of
other investigated groups. Accordingly, the dermatitis score of group IV was 1.67 + 0.52
(n =6, p <0.05) on day 28 (Figure 2).

The frequency of scratching bouts by hind legs in 20 minutes of each mouse was rec-
orded weekly before DNCB challenge (Figure 3). Pruritus, as exhibited through scrat-
ching behavior, intensified in correspondence with severity of AD skin lesions in all expe-
rimental groups of mice. There was statistically significant difference in the number of
scratching behavior (NSB) between group | (normal mice) and other groups (ll, Ill and
IV) after seven days of experiment, confirming the effect of DNCB in inducing AD-like
symptoms in BALB/c mice; however, mice from group Il, lll and IV whose NSB were not
significantly different to each other. Accordingly, NSB of group Il, Ill and IV was recorded
9.67 +1.03,9.67 + 1.21 and 10.00 £ 0.82 (n = 6, p < 0.05), respectively. The NSB, thus,
did not exhibit distinguishable clinical manifestations after seven days of assay. Howev-
er, the NSB of mice in group Il was higher than that of group Ill and IV on day 14 and
significantly greater than other groups after three weeks, and continued drastically in-
crease until the end of the experimental period. Indeed, the cream base was truly not
effective in suppressing itchiness as high scratching frequency was noted throughout the
experimental period with the NSB of 10.83 + 0.98, 13.33 £ 1.21 and 18.55 + 1.23 (n = 6,
p < 0.05) on day 14, 21 and 28, respectively. In contrast, it could be observed the effec-
tiveness of both blended essential oil-incorporated cream and protopic 0.1% in reducing
the NSB, notably changing on day 14 and continued showing the powerful efficacy until
the last day of experiment. Noticeably, there was no statistically significant difference in
NSB between group Il and IV throughout the experimental period. The NSB of group Il
on day 14, 21 and 28 was recorded 8.33 +1.37,6.83+1.72and 6.09+1.28(n =6, p <
0.05), respectively, whereas the NSB of group IV was 8.17 + 1.17, 6.33 £ 1.21 and 5.89
+1.33 (n =6, p <0.05), respectively.

3.5. Histological examination
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Figure 4: Effects of blended essential oil-incorporated cream on mice skin histology.
Histological findings by H&E staining. (Magnification: 10x); Epidermis, dermis and hypodermis
layer were denoted by E, D and H, respectively; Signs of spongiosis (—), parakeratosis (—),
pustule and elongation of rete ridges (<) were presented.
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Figure 5: Effects of blended essential oils-incorporated cream formulations on
mice skin histology. (Left) Epidermal and (Right) dermal thickness of mice dorsal skin. Each
bar represents the Mean = SD (n = 6); p < 0.05 compared to negative control.

As shown in Figure 4, mice dorsal skin was subjected to staining with H&E dye for the
examination of histological features. Exhibited features on the dorsal skin including wee-
piness, crusting, scaling, thickening and abrasion reflect the intensity of AD-like symp-
toms on DNCB-sensitized mice. However, those histopathological findings were found to
be subdued partly in blended essential oil-incorporated cream-treated mice and signifi-
cantly in positive control mice. The thickness of epidermis layer in mice treated with
blended essential oil-incorporated cream and positive control mice was significantly low-
er than that of negative control mice. Meanwhile, only the dermal thickness of mice
treated with blended essential oil-incorporated cream and protopic was markedly re-

duced as compared to PBS-receiving mice (Figure 5).

3. DISCUSSION

AD is a chronic and complicated relapsing dermatological disease with high prevalence
of 15-30% and 2—-10% in children and adults, respectively. The disease is clinically cha-
racterized by intense pruritus, appearance of dry, eczematous skin lesions, particularly
inflammatory responses causing edema, erythema, irritation and pain. It is noteworthy to
know that the inflammatory responses are commonly associated with an abnormal se-
cretion of T helper (Thl) and T helper (Th2) cells which has been proven to be the cul-
prits of the imbalance between Thl and Th2 cells owing to different immune function
[1,4]. Thl immune response is related to pathogenic infection, whereas Th2 immune
response is involved in stimulating agents. Accordingly, the hypersensitivity of Th2 cells
play a key role in the production of cytokine leading to the overproduction of serum im-
munoglobulin E (IgE), infiltration of mast cells and eosinophils, especially the release of
mediators like histamine into inflamed skin tissue. These events, particularly the
Th1/Th2 imbalance, could be considered to be specific biochemical parameters which
can be used as indicators for clinical assessment of the AD pathogenesis. This refractory
disease, thus, imposes an enormous financial burden, sleep disturbance and depression
on patients in every daily life [28]. Chiefly responsible for AD development can be classi-
fied as intrinsic and extrinsic factors. Intrinsic factors are widely known as inherited
downregulation of FLG, endocrine changes, or even psychological stress, whereas ex-
trinsic factors commonly include food, climate, exposure to drugs, chemicals and aller-
gens [3]. These risk factors may promote a series of inflammatory reactions that exter-
minates intruding pathogenic agents, yet consequently perturbs the balance of immuno-

logical system and exacerbates severity of AD symptoms if repeated and prolonged. As



a result, treatments with immunomodulatory action, especially those that target on me-

diating inflammatory responses, are required for the treatment of AD.

As reported from previous literature, essential oils have been traditionally used for hun-
dreds of years for both aromatherapy and topical application, especially for the treatment
and prevention of skin disorders. In fact, the practice of blending essential oils is primari-
ly exploited in the synergistic interactions which is well known as the therapeutic philos-
ophy of herbal medicine where the combination of key constituents from medicinal plants
is believed to be more effective than single isolated components. Nonetheless, the the-
rapeutic effect of blended essential oils from BLO and TTO against AD has not been
scientifically investigated. Suffice to say, this study is not expected to provide a cure for
AD. Instead, this essential oil-based topical preparation may hopefully contribute as an
adjunct therapy in the conventional treatment plan of AD. Both BLO and TTO have been
intensively studied in recent years, basically elucidating their chemical composition and
biological activities. Thanks to their natural intrinsic antimicrobial properties, both essen-
tial oils were shown effective in preventing the growth of skin bacteria, virus or fungi [16-
23]. On the other hand, both essential oils possess significant anti-inflammatory and anti-
ulcer activities, and thus might be capable of interfering in immunologic responses of
eczema pathogenesis. The major active ingredients of BLO are eugenol, chavibetol,
chavicol, hydroxychavibetol and safrole whereas terpinen-4-ol, p-cymene, y-terpinene, a-
terpineol, terpinolene, and a-terpinene are accounted for a large proportion of TTO [29].
The unique combination of these molecules present in essential oils may likely result in
the synergistic effect in ameliorating AD-like symptoms. This study, thus, aims to investi-
gate the anti-AD effect of combined BLO and TTO and contribute to the utilization of
herbal medicines as skin diseases treatment, especially when current standard ma-
nagements such as corticosteroids, immunosuppressive agents or phototherapy are
bound to certain concerns for cost and safety. In this study, essential oils were loaded
into a cream base at a concentration of 1% (BLO) and 0.5% (TTO) and topically applied
on BALB/c mice with DNCB-induced AD. In fact, the concentration of BLO and TTO
used in the cream formulation was a result of an optimization process using checker-
board method. During the optimization process, two fold serial dilutions of essential oil
(both BLO and TTO) were prepared by dilution with solvent to achieve a series of de-
creasing concentration (8%, 4%, 2%, 1%, 0.5%, 0.25%, 0.125%, 0.0625%, 0.0313% and
0.0156%) [29]. However, it is noteworthy to know that pure essential oil is lipophilic and
thus cannot be dissolved in water. Additionally, owing to consisting of volatile com-
pounds, essential oil is easy to vaporize when directly applying onto the skin surface,
resulting in low bioavailability. Thus, essential oil should be necessarily formulated in
cream, thereby enhancing the penetration of various components present in essential oil

and possibly maximizing the therapeutic effectiveness of essential oil. Indeed, various



non-active ingredients present in cream formulations not only played a key role in provid-
ing the rich resource of carrier for essential oils but also made a contribution to achieve
the ideal homogeneity, spreadability and applicability which are known as typical charac-
teristics of a cream. All prepared cream formulations had pH values ranging from 4.5 to
5.0, an acceptable pH span for topical preparation since it is close to that of human skin
[30], and were safe to use as no adverse events were reported during skin irritation as-
say. However, the cream base had no effect of alleviating AD-like symptoms including
itchiness (Figure 4), and reducing epidermal/dermal thickness (Figure 5), since no signif-

icant improvements compared to PBS treatment was made.

The development of AD symptoms is attributed primarily to the inflammation responses,
typically resulting in clinical symptoms such as swelling and redness that are accompa-
nied by formation of blisters and eventually proceeds into dry, scaly and lichenified
patches [31]. In this study, the BALB/c mice model were successfully induced by DNCB
as can be seen from Figure 1-5 which showed the significant difference between normal
mice and mice sensitized by DNCB with regards to clinical signs and pathogenic para-
meters including dermatitis score, number of scratching behavior, and the thickness of
epidermis/dermis. To assess the severity and progress of DNCB-induced AD-like symp-
toms in this experiment, dermatitis score (0-12) based on 4 parameters including ery-
thema/hemorrhage, edema, excoriation/erosion and lichenification was taken into ac-
count. These signs were significantly inhibited in mice which received the blended es-
sential oil-incorporated cream with the dermatitis score of 2.17 = 0.75 compared to those
of negative control (7.00 £ 0.63, n = 6, p < 0.05), as indicated by their scores in week 4
of assay. These findings clearly demonstrate the potential of the blended essential oil-
incorporated cream in alleviating AD-like symptoms that are heavily influenced by pro-

inflammatory responses.

Moreover, pruritus is a hallmark of AD in both acute and chronic phases. Pruritus-evoked
scratching behavior, best known as a central symptom of AD, is typically regarded as a
helpful indicator for assessment of AD, thereby assessing the skin’s inflammatory re-
sponse [1]. The action of scratching may temporarily ease itching, but could induce skin
damage, and trigger inflammatory response. As a consequence, the pruritus-scratching
cycle could exacerbate the skin lesions, thereby further aggravating the severity of AD
symptoms, negatively affecting the quality of both physical and mental life. Therefore,
controlling pruritus should be chiefly regarded as one of crucial strategies in the AD
treatment pathway. To evaluate the anti-pruritic effect of the blended essential oil-
incorporated cream, the number of scratching bouts by hind paws was only recorded
weekly in 20 minutes before the challenge of DNCB. As expected, the frequency of

scratching behavior was notably suppressed in mice receiving the blended essential oil-



incorporated cream with the NSB of 6.09 + 1.28 compared to that of negative control
with NSB of 18.55 + 1.23 in the week 4 (n = 6, p < 0.05), firmly reflecting the significant
effectiveness of the blended essential oil-incorporated cream in inhibiting pruritus during

AD development.

On the last day of the experiment, histopathological features of negative control mice
have clearly shown the dorsal skin lesions accompanied with accumulation of inflamma-
tory cells as compared with normal mice. As a consequence, defections of skin struc-
tures including parakeratosis, epidermal elongated rete ridges, hair follicles and seba-
ceous glands of unusual shapes and sizes in the dermis were visibly observed. These
histological features, nevertheless, were found less severe in mice of group lll and V. In
fact, the epidermal/dermal thickening of mice from group V and VI was significantly sup-
pressed as compared to that of negative control. Notably, there was no significant differ-
ence in epidermal/dermal thickness between mice of group Il and IV, denoting the effi-
cacy of blended essential oil-incorporated cream in suppressing pathological alterations
of AD.

4. CONCLUSION

Overall, this present research demonstrates the efficacy of combined BLO and TTO-
incorporated cream on DNCB-induced AD-like symptoms in BALB/c mice. These find-
ings would hopefully encourage more studies to elucidate the mechanism behind the
possible synergistic interaction between natural intrinsic components of BLO and TTO,
for the purpose of exploiting the potential of these valuable essential oils for the topical

treatment against eczema-like skin lesions.

Ethical Approval

Animal Ethic committee approval has been collected and preserved by the author(s)

REFERENCES

1. Leung DY, Bieber T. Atopic dermatitis. The Lancet. 2003;361:151—60.
doi:10.1016/S0140-6736(03)12193-9.

2. Garnacho-Saucedo G, Salido-Vallejo R, Moreno-Giménez JC. Atopic
Dermatitis: Update and Proposed Management Algorithm. Actas Dermo-
Sifiliograficas (English Edition). 2013;104:4—16. doi:10.1016/j.adengl.2012.11.001.

3. Meagher LJ, Wines NY, Cooper AJ. Atopic dermatitis: Review of

immunopathogenesis and advances in immunosuppressive therapy. Australasian



10.

11.

12.

13.

14.

Journal of Dermatology. 2002;43:247-54. doi:10.1046/j.1440-0960.2002.00610.x.

Novak N, Bieber T, Leung DYM. Immune mechanisms leading to atopic
dermatitis. J Allergy Clin Immunol. 2003;112:5128-39.
doi:10.1016/j.jaci.2003.09.032.

Bode HH. Dwarfism Following Long-term Topical Corticosteroid Therapy.
Jama. 1980;244:813-4. doi:10.1001/jama.1980.03310080047027.

Haeck IM, Rouwen TJ, Timmer-de Mik L, de Bruin-Weller MS, Bruijnzeel-
Koomen CA. Topical corticosteroids in atopic dermatitis and the risk of glaucoma
and cataracts. JAAD. 2011;64:275-81. doi:10.1016/j.jaad.2010.01.035.

Ruiz-Maldonado R, Zapata G, Tamayo L, Robles C. Cushing's Syndrome
After Topical Application of Corticosteroids. Am J Dis Child. 1982;136:274-5.
doi:10.1001/archpedi.1982.03970390088024.

Schoepe S, Schéacke H, May E, Asadullah K. Glucocorticoid
therapy-induced skin atrophy. Exp Dermatol. 2006;15:406—-20. doi:10.1111/j.0906-
6705.2006.00435.x.

Boguniewicz M, Eichenfield LF, Hultsch T. Current management of atopic
dermatitis and interruption of the atopic march. J Allergy Clin Immunol.
2003;112:S140-50. doi:10.1016/j.jaci.2003.09.031.

Boneberger S, Rupec RA, Ruzicka T. Complementary therapy for atopic
dermatitis and other allergic skin diseases: facts and controversies. Clinics in
Dermatology. 2010;28:57—61. doi:10.1016/j.clindermatol.2009.03.017.

Kim S-Y, Sapkota A, Bae YJ, Choi S-H, Bae HJ, Kim H-J, et al. The Anti-
Atopic Dermatitis Effects of Mentha arvensis Essential Oil Are Involved in the
Inhibition of the NLRP3 Inflammasome in DNCB-Challenged Atopic Dermatitis
BALB/c Mice. International Journal of Molecular Sciences. 2023;24(9):7720.
https://doi.org/10.3390/ijms24097720

Han SH, Seo YM. The Effect of Essential Oil on Atopic Dermatitis Model of
NC/Nga Mice. Journal of Korean Biological Nursing Science. Korean Society of
Biological Nursing Science. 2014;16:219-25. Available from:
http://dx.doi.org/10.7586/jkbns.2014.16.3.219.

Kim TH, Ha SY, Yang J-K. Inhibitory Effects of Camellia sinensis Extract
on the Development of Atopic Dermatitis-like Lesions in NC/Nga Mice. Journal of the
Korean Wood Science and Technology. The Korean Society of Wood Science
Technology. 2014;42:579-89. Available from:
http://dx.doi.org/10.5658/W0O0D.2014.42.5.579.

Tsai YC, Chang HH, Chou SC, Chu TW, Hsu YJ, Hsiao CY, Lo YH, Wu
NL, Chang DC, Hung CF. Evaluation of the Anti-Atopic Dermatitis Effects of a-
Boswellic Acid on Tnf-a/lfn-y-Stimulated HaCat Cells and DNCB-Induced BALB/c
Mice. Int J Mol Sci. 2022;23(17):9863. doi: 10.3390/ijms23179863. PMID: 36077254,



15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

PMCID: PMC9456567.

Seo YM, Jeong SH. [Effects of Blending Oil of Lavender and Thyme on
Oxidative Stress, Immunity, and Skin Condition in Atopic Dermatitis Induced Mice]. J
Korean Acad Nurs. 2015;45(3):367-77. Korean. doi: 10.4040/jkan.2015.45.3.367.
PMID: 26159138.

Guha P, Nandi S. Essential oil of betel Leaf (Piper betle L.): A novel
addition to
the world food sector. 2019. DOI:10.1007/978-3-030-16546-8_5.

Nayaka NMDMW, Sasadara MMV, Sanjaya DA, Yuda PESK, Dewi
NLKAA, Cahyaningsih E, et al. Piper betle (L): Recent review of antibacterial and
antifungal properties, safety profiles, and commercial applications. Molecules.
2021;26(8):2321. DOI.org/10.3390/molecules26082321.

Vandana D, Shalini T. Review study on potential activity of Piper betle.
Journal of Pharmacognosy and Phytochemistry. 2014;3(4):93-98.
Available:https://www.phytojournal.com/vol 3issue4/Issue_nov_2014/17.1.pdf.

Karunanithi S, U Eswaran GM, Guha P, Srivastav PP. A review on Piper
betle L.: Antioxidant, antimicrobial, extraction and application in food product
development. Acta Scientific Nutritional Health. 2023;7(1):49-61.
DOI:10.31080/ASNH.2023.07.1170.

Carson CF, Hammer KA, Riley TV. Melaleuca alternifolia (Tea Tree) Oil. A
review of antimicrobial and other medicinal properties. Clinical Microbiology
Reviews. 2006;19(1):50-62. DOI:10.1128/CMR.19.1.50-62.2006. PMID: 16418522;
PMCID: PMC1360273.

de Groot AC, Schmidt E. Tea tree oil: contact allergy and chemical
composition. Contact Dermatitis. 2016;75 (3):129-43.

DOI: 10.1111/co0d.12591. Epub 2016 May 13. PMID: 27173437.

Zhang X, Guo Y, Guo L, Jiang H, Ji Q. In Vitro evaluation of antioxidant
and antimicrobial activities of Melaleuca alternifolia essential oil. Bio Med Research
International. 2018; Article ID 2396109. DOI.org/10.1155/2018/2396109.

Australian Tea Tree Available:https://www.biggreensmile.com/b
rands/australian-tea-tree.aspx? brand=Australian%20Tea%20Tree

National Academies Press. Guide for the Care and Use of Laboratory
Animals, 8th edition. 2010:1-246.

Lee CS, Yi EH, Kim H-R, Huh S-R, Sung S-H, Chung M-H, et al. Anti-
dermatitis effects of oak wood vinegar on the DNCB-induced contact hypersensitivity
via STAT3 suppression. J Ethnopharmacol. 2011;135:747-53.
doi:10.1016/j.jep.2011.04.009.

Shimada SG, LaMotte RH. Behavioral differentiation between itch and pain
in mouse. Pain. 2008;139:681—7. doi:10.1016/j.pain.2008.08.002.



27.

28.

29.

30.

31.

32.

Matsuda H. Development of atopic dermatitis-like skin lesion with IgE
hyperproduction in NC/Nga mice. Int Immunol. 1997;9:461—6.
doi:10.1093/intimm/9.3.461.

Boguniewicz M, Leung DYM. Atopic dermatitis: a disease of altered skin
barrier and immune dysregulation. Immunol Rev. 2011;242:233-46.
doi:10.1111/j.1600-065X.2011.01027 .x.

Son and Nhi; S. Asian Res. J. Nat. Prod., vol. 6, no. 2, pp. 88-100, 2023;
Article No.SARJINP.99697.

Wiechers JW. Formulating at pH 4-5: How lower pH benefits the skin and
formulations. Cosme Toiletries. 2008.

Williams HC. Atopic Dermatitis. N Engl J Med. 2005;352:2314-24.
doi:10.1056/NEJMcp042803.

Trang D, Son H. Assessment of Anti-atopic Dermatitis Activity of Oroxylum
indicum Extract Incorporated Cream. Journal of Pharmaceutical Research
International. 2017 Jan 10;17(6):1-1.



