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ABSTRACT 

Objective: The main objective of our study is to explore anti-inflammatory activity at its molecular level like tumor necrosis factor alpha (TNF-α), 
interleukin 12 (IL-12) expression, and histopathological study.

Methods: As per solubility/miscibility of clobetasol propionate (CP) with tea tree oil (TTO), surfactant and cosurfactant (Smix), and water in a ratio of 
oil:Smix:water (15:35:50) taken in milliliter for the preparation of nanoemulsion. Induced allergic contact dermatitis (ACD) with dinitrofluorobenzene 
(DNFB) was used for the study. TNF-α and interleukin 12 (IL-12) were estimated with rabbit antimouse TNF-α and rat antimouse IL-12 antibodies in 
1% of bovine serum albumin in phosphate buffer.

Results: Topical application of CP loaded nanoemulsion gel inhibits ear inflammation and erythema in DNFB-induced ACD in mice and significantly 
reduces the intracellular edema and infiltration with inflammatory mediator cells involving of mononuclear cells and neutrophils. CP loaded 
nanoemulsion gel reduces expression of protein level of TNF-α and IL-12.

Conclusion: CP loaded nanoemulsion gel confirmed that anti-inflammatory effects showed more rapidly than the placebo and marketed gel 
preparation. However, the animals treated with placebo nanoemulsion gel showed a somehow comparable reduction of their inflammation during 
treatment compared with the marketed gel. This effect may be due to anti-inflammatory effect of TTO. This result suggested that anti-inflammatory 
activity of placebo nanoemulsion gel may be due to TTO present in nanoemulsion as vehicle.
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INTRODUCTION

Psoriasis is an autoimmune inflammatory skin condition in which 
abnormal epidermal differentiation and hyperproliferation occurs. 
Worldwide 2–3 % of population suffering from such  kind of  skin 
disease  [1]. The exact cause of this disease is still not clear but it is 
assumed that it may be mainly due to the activation and migration of 
T cells to the dermis which triggering the release of cytokines tumor 
necrosis factor alpha (TNF-α) ultimately lead to the inflammatory 
process and the rapid proliferation of skin cells. TNF-α is considered 
to be central dogma of inflammatory cascade [2,3]. Therefore, the drug 
which has potential to inhibit TNF-α very useful for the treatment 
of psoriasis. There are many risk factors which can be responsible 
for psoriasis such as emotional as well as mental stress condition 
for a long time, injury to skin, infections up to systemic level, certain 
medication that may trigger, and gastrointestinal disorder. Numerous 
kinds of psoriatic conditions have been documented such as plaque 
type of psoriasis, psoriatic arthritis, scalp psoriasis, flexural psoriasis, 
guttate psoriasis, and pustular psoriasis [4]. All these types of psoriasis 
can be identifying by clinical test such as biopsy of skin and antigen-
antibody reaction. Currently, the drug prescribing for the treatment of 
psoriasis can either modulate the immune system or try to normalize 
the hyperactive differentiation process of psoriatic keratinocytes of the 
skin. On the basis of the psoriatic condition, its localization, extent, and 
degree of severity there are numerous modes of the treatment regimens 
utilizing for psoriatic condition such as topical application of the dosages 
forms, phototherapy, systemic therapy, and also drugs used that comes 
under chemotherapy which can be a potential approaches to control 
the psoriatic condition. Plaque types of psoriatic condition constitute 
about 80% of people who develop psoriasis. Physicians should find out 

suitable idea of treatment and make it clear to the patient that the main 
objective of treatment is control of the psoriatic condition. <5–10% 
of the body surface area is defined as mild to moderate psoriasis [5]. 
Majority of the patients comes under this category. Therefore, physician 
given preference to the topical preparation for such kind of patients. 
Another reason behind these approaches to keep patients on minimum 
side effects as it is recognized that drugs used for psoriatic condition 
may leads to numerous adverse effects. It is also true that patient needs 
continuous medication to control psoriatic condition. Currently, the 
drugs used for the treatments are corticosteroids, salicylic acid, and 
emollients. Other drugs include Vitamin D analogs such as calcipotriene 
and calcitriol, tar, and topical retinoids in the form of conventional 
cream, lotion, ointments, and other preparation also. However, the use 
of glucocorticoids like CP in the form of conventional dosages forms 
limit their clinical utility because of the poor availability of the drug 
in the dipper site of the skin where it has to shows action [6,7]. The 
limited permeability of the drug through the skin is mainly because of 
the barrier function of the hyperkeratinized cells of the skin in psoriatic 
condition. Due to this condition, our current work focused on novel 
dosages form to deliver the drug to the dipper site of skin and remove 
the hypercriticized cells from topmost layer of the skin. In view of that 
salicylic acids added to the nanoemulsion during gelling to remove 
hyperkeratinized cell from superficial layer of skin. The dosages forms 
also provide a sufficient increase in drug penetration into the skin, 
without any countable functional and histological change in the skin 
structure [8]. If any such minor alteration was seen, it must be reversible 
after discontinuation of therapy. In the current decade, different 
types of lipid-based formulations formulated for the improvement 
of permeability and bioavailability of less water-soluble and highly 
lipid-soluble active drugs, but most of them not fulfill all the desire 
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parameter related to safe delivery of drug for the psoriasis treatment. 
Most of the topical preparation used currently, they contains chemical 
penetration enhancers to increase drug availability to the dipper site 
of the skin. However, the problem faced with the use of these chemical 
enhancers in topical preparation may leads to irritation, redness 
on skin, stinging, or itching sensation to the skin when applied for a 
long term. Therefore, naturally derived tea tree oil (TTO) selected for 
the current work which act as a carrier for the drug for nanoemulsion 
as well as penetration enhancer for the formulation. This oil has 
potential to reduce inflammation. The antiseptic activity of TTO is also 
sometimes may become beneficial because psoriasis may be trigger due 
to some microbial infection [9]. One of the most novel formulations for 
the increase of skin permeation of drugs is nanoemulsion. The added 
advantages of nanoemulsions in terms of low irritation to skin, strong 
permeation ability of drug to the dipper site of skin, and high drug 
loading capacity leads to superior over the other dosages forms for 
topical application [10,11]. The main objective of our study is to explore 
anti-inflammatory activity at its molecular level such as TNF-α, IL-12 
expression, and histopathological study.

MATERIALS AND METHODS

Materials
Drug sample, i.e., clobetasol propionate (CP) was gifted as a gift sample 
from Ranbaxy Research Laboratory (Gurgaon, India). TTO was gifted 
as a gift sample from Natural Aroma Products Pvt. Ltd., New Delhi, 
India. PEG 200, PEG 400, Tween 40, Tween 20, Tween 60, and ethanol 
were procured from Merck (Merck, India). Plurol Oleique, Transcutol P, 
Labrafac, and Labrasol were obtained as gift sample on request from 
Gattefosse (India). CMC, HPMC, sodium alginate, Carbopol 934, and 
salicylic acid were gifted from S.D. Fine chemicals, India. All other 
chemicals were of generally recognized as safe categories.

Formulation of nanoemulsion gel (A2) containing salicylic acid
Pure nanoemulsion is not suitable for topical application as it exhibits 
low viscosity. The viscosity needs to be increased by incorporating some 
thickening agents, which may contribute to change the appearance 
and texture of the system. Another thing is that it may influence the 
drug release from the gel. The ethyl cellulose, xanthan gum, sodium 
alginate, Carbopol 934, and HPMC are currently used as a gelling agent 
to increase the thickness of nanoemulsion up to the desire viscosity. 
Suitability of polymer for the preparation of gel is usually on the basis 
of the characteristic of external phase nanoemulsion either oil or water. 
CP nanoemulsion is a type of oil in water (o/w) nanoemulsion: Sodium 
alginate, ethyl cellulose, HPMC, and Carbopol 934 were selected for the 
preparation of nanoemulsion gel. Preservatives and other substance for 
pH adjustment used as per need [12].

Animals
Mice aged 8 to 10 weeks of either sex, weighing 16–18 g, were 
received from university animal house. The animals were kept under 
conventional conditions and supplied with rodent chow and water 
ad libitum. The animal study protocol was approved by our university.

Induction of allergic contact dermatitis (ACD) with 
dinitrofluorobenzene (DNFB)
ACD was induced by the method that back skin of each mouse was 
painted with 100 µL of 0.5% of DNFB (Sigma Aldrich, MO, USA) in 4:1 
(acetone:olive oil). 5 days later, the mice were challenged on both sides 
of the ears with 20 µL of 0.2% of DNFB solution. The animals were 
rechallenged after 2 days to yield extensive disease. 1 day after, the 
rechallenge the animals began to be treated with the test compounds. The 
degree of ear inflammation and erythema was used to measure of ACD. 
Erythema scored measured on a scale of 0–4. Where, 0 was absent and 
4 was severe pinkish-red color of the ear. Ear thickness was measured 
before application (challenge) and then pre- and post-application [13].

Treatments
Groups of 15–30 animals were treated with a topical application of 
approximately 100 mg of the following test compounds, once a day for 

4 days: Placebo nanoemulsion gel, 0.05% CP loaded nanoemulsion gel, 
and 0.05% marketed formulation gel.

Histopathology and immunohistochemistry
Previously, formalin fixed as well as paraffin-embedded sections of the 
mouse ears was used for the study. 5 µm thick sections were stained 
using hematoxylin and eosin as per standard methods. All the work 
was examined by an expert veterinary pathophysiologist, but they 
were unaware of the treatment of the samples which was going to be 
examined. Histopathological changes in each of the three layers such 
as epidermis, dermis, and subcutis were ranked on a scale of 0–4 as 
proposed by Wang et al. [14].

For the evaluation of immunohistochemistry, a universal 
streptavidin⁄biotin detection system (Pittsburgh, USA) was used. 
Before the study, removal of wax and hydration carried out for the 
sections which were undergoes for the study. Then, the sections were 
undergoes treatment with protein blocking agent so that to reduce 
non-specific binding of antibodies. The sections were then incubated 
for specified time with rabbit antimouse TNF-α and rat antimouse 
IL- 12 antibodies (Biosource International, USA) in 1% of bovine 
serum albumin in phosphate buffer. Incubation with the secondary 
antibodies, streptavidin⁄biotin, and chromogenic detection of 
peroxidase was done as per the supplier’s protocol as mentioned in 
kits. Then, sections undergo for counterstaining and removal of extra 
water. Now, the dehydrated sections were mounted and examined. The 
intensity of the immunoperoxidase staining was ranked as designated 
by Arican et al. [15].

The expression of cytokines in sections was rated as: 0 for no staining 
in the Section 1 for <25% of the sections were positive, 2 for 25–50% of 
the section, 3 for 50–75% of the section, and 4 for more than 75% of the 
section with major staining [16].

Statistics
The statistical significance of the difference in mean ear erythema, 
thickness, histopathological changes, number of apoptotic cells, and 
the expression of cytokines was determined using Tukey-Kramer’s 
multiple comparison tests following one-way analysis of variance. Data 
were expressed as mean ± SEM. p≤0.05 was considered statistically 
significant.

RESULTS AND DISCUSSIONS

Formulation of nanoemulsion gel containing salicylic acid
Nanoemulsion gel prepared by taking two grams of Carbopol 934 
and five grams of salicylic acid were added in 87.68 ml of the water 
and stirrer with the help of magnetic stirred till homogenous mixture 
was obtained. After that, drop by drop added prepared nanoemulsion 
of 12.32 ml to make it volume of 100 ml till homogeneous mixture 
obtained. As per solubility/miscibility of CP with TTO, surfactant and 
cosurfactant (Smix), and water in a ratio of oil:Smix:water (15:35:50) taken 
in milliliter for the preparation of nanoemulsion. 2 ml of TTO sufficient 
to dissolve 50 mg drug in 100 ml of total preparation; therefore, total 
volume of nanoemulsion was 12.32 ml.

Effects of CP loaded nanoemulsion gel on DNFB-induced ACD in 
mice
Within 24 h of rechallenge with DNFB, all mice developed experimental 
signs and symptoms of erythema as well as edema. The topical 
treatments of 0.05% CP loaded nanoemulsion significantly reduced ear 
thickness after 1 day and erythema after 3 days of treatment (Fig. 1a 
and b). When it compared with placebo nanoemulsion and marketed 
preparation.. Placebo nanoemulsion also reduced the ear thickness 
after 1 day and the erythema after 2 days of treatment (Fig. 1a and b). 
After 4 days of treatment, no significant differences among these three 
active treatments were found. Significant reduction of body weight after 
3 days of treatment was observed in the group of animals treated with 
CP loaded nanoemulsion compared with the other treatment groups 
so that by day 4 average loss in this group was about 13% of body 
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weight and mice showed piloerection, lethargy, and a clearly abnormal 
appearance.

Histopathologically, the reductions in inflammation in the groups 
treated with placebo nanoemulsion gel, CP loaded nanoemulsion 
gel, and marketed gel were compared with the no treatment groups 
(Fig. 2). Mark differences among the effective treatments were 
observed. After 4 days of treatment, most of the sections from the active 
treatment groups showed normal epidermis and significantly reduced 
inflammatory cells in case of CP loaded nanoemulsion, whereas edema 
and inflammatory cell infiltration were seen in the sections from ears 
treated with placebo nanoemulsion gel or untreated (Fig. 3).

Effects of CP loaded nanoemulsion gel on cytokines protein 
expression determined by immunohistochemistry
Both IL-12 and TNF-α were upregulated after rechallenge with 
DNFB. As seen in Figs. 4 and 5, the positive staining for both IL-12 
and TNF-α was markedly reduced in the groups treated with CP 
loaded nanoemulsion gel, with respect to placebo and marketed gel 
after 4 days of treatment. When the grading of the intensity of the 
staining for IL-12 and TNF- α, was analyzed, CP loaded nanoemulsion 
gel significantly reduced the protein expression of IL-12 and TNF-α 
with respect to placebo and marketed gel (Fig. 6) with significant 
differences among them.

The present study demonstrates that topical application of CP loaded 
nanoemulsion gel inhibits ear inflammation and erythema in DNFB-
induced ACD in mice and significantly reduces the intracellular 
edema and infiltration with inflammatory mediator cells involving 
of mononuclear cells and neutrophils. In comparison to placebo and 

Fig. 2: Histopathological inflammation scores of allergic contact 
dermatitis in mice after 4 days of treatment, n=15

Fig. 1: (a) Ear thickness scores as a function of treatment in 
mice with allergic contact dermatitis (ACD). (b) Erythema 

scores as a function of treatment in mice with ACD. Values are 
mean±standard error mean, n=15–30

a

b

Fig. 5: Clobetasol propionate (CP) loaded nanoemulsion gel 
reduces protein expression of tumor necrosis factor alpha 
(TNF-α). Immunohistochemistry of representative sections 

of mice ears stained with antibodies to tumor necrosis factor 
(TNF-α) after treatment with no treatment (a), placebo gel (b), 

marketed gel (c), and CP loaded nanoemulsion gel (d)

a b

c d

Fig. 3: Clobetasol propionate (CP) loaded nanoemulsion gel 
reduces inflammation and inflammatory infiltration in the 

allergic contact dermatitis in mice ears. Hematoxylin and eosin-
stained sections of ears after 4 days of treatment. (a-d) Ears 
treated with no treatment, placebo gel, marketed gel, and CP 

loaded nanoemulsion gel, respectively. The sections D, showed 
normal epidermis, decreased edema and/or few inflammatory 

cells

Fig. 4: Clobetasol propionate (CP) loaded nanoemulsion 
gel reduces protein expression of interleukin (IL)-12 more 
in compression to other group. Immunohistochemistry of 

representative sections of mice ears stained with antibodies to IL-
12. After 4 days treatment with no treatment (a), placebo gel (b), 

marketed gel (c), and CP loaded nanoemulsion gel (d)

a

c

b

d

a b c d
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marketed gel preparation, the CP loaded nanoemulsion gel showed 
more anti-inflammatory action.

CONCLUSION

In this study, CP loaded nanoemulsion gel confirmed that anti-
inflammatory effects showed more rapidly than the placebo and 
marketed gel preparation. However, the animals treated with placebo 
nanoemulsion gel showed a somehow comparable reduction of their 
body weight during treatment compared with the marketed gel. This 
effect may be due to anti-inflammatory effect of TTO. This result 
suggested that anti-inflammatory activity of placebo nanoemulsion gel 
may be due to TTO present in nanoemulsion as vehicle.
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