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Allergic skin diseases are the most common dermatological problems with a dramatic
increase in prevalence over the last few decades. Histamine is a well-known chemical
mediator that is involved in allergic inflammation and immune modulation by
regulating numerous cellular functions via up-regulation of proinflammatory
cytokines. In recent years, antihistamines remain the mainstay of allergy treatment by
suppressing the transcription of inflammatory cytokines, chemokines and adhesion
molecules. However, current usage of antihistamines is limited in efficacy and
associated with several common side effects. Currently, alternative therapeutic
preferences are derived from natural products in an effort to provide safer and more
reliable anti-inflammatory agents. Chalcone, curcumin and their derivatives are
among compounds of interest in natural product research due to numerous
pharmacological benefits including anti-inflammatory activities. Therefore, the aim of
this study was to investigate the effects of synthesized compounds consisting of
chalcone and curcumin derivatives in reducing cytokine production in human
keratinocytes upon stimulation with histamine, a potent mediator of allergic responses.
In the present study, IL-1p and IL-6 cytokine production in histamine-induced human
keratinocytes cell line (HaCaT) were measured using ELISA and cytotoxicity effects
were determined using MTT assay. Histamine (10 uM) enhances the production of
IL-1p and IL-6 in HaCaT cells, with the highest production of IL-1p and IL-6 at 2.67
+ 0.43 pg/mL and 97.41 £+ 2.33 pg/mL respectively after 24 h of exposure. Four
chemically synthesized compounds consisting of chalcone derivatives (FLA and FLB)
and curcumin derivatives (BDMC33 and MS65) were then evaluated for their
inhibitory effects on IL-6 production in histamine-induced HaCaT cells. Out of the
four compounds tested, the curcumin derivative (MS65) demonstrated a promising
anti-inflammatory activity by inhibiting IL-6 production with ICso value of 4.91 £+ 2.50
UM with low cytotoxicity effect to HaCaT cell and LCsg value of 28.82 + 7.56 uM.
MS65 has shown to inhibit IL-6 through NF-xB and MAPK pathways by suppressing



H1R, PKC, IKK-0, IxB-f, NF-kB, c-Raf, MEK and ERK genes. MS65 showed the
highest inhibition on H1R gene by 5-fold (0.23 = 0.02 fold expression) at the
concentration of 6.25 pM. The present study has provided mechanistic insights into
the ability of MS65 to reduce inflammatory cytokine production stimulated by
histamine in human keratinocytes via inhibition of NF-kB and MAPK pathways.
These findings suggest that the curcumin derivative, MS65 could be used as a lead
compound on developing new medicinal agent for the treatment of allergic skin
diseases.
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Penyakit kulit disebabkan oleh alahan merupakan masalah dermatologi biasa dengan
peningkatan dramatik sejak beberapa dekad yang lalu. Histamin ialah pengantara
kimia terkenal yang terlibat dalam keradangan alahan dan modulasi imun dengan
mengawal pelbagai fungsi selular melalui pengeluaran sitokin yang tinggi. Beberapa
tahun kebelakangan ini, antihistamin masih menjadi rawatan utama bagi alahan
dengan menghalang pengeluaran sitokin, kemokin dan molekul adhesif. Walau
bagaimanapun, keberkesanan penggunaan antihistamin bagi rawatan penyakit alahan
adalah terhad dan dikaitkan dengan beberapa kesan sampingan. Sejak akhir-akhir ini,
beberapa alternatif terapeutik telah diperolehi daripada produk semula jadi dalam
usaha untuk menyediakan ejen anti-radang yang lebih selamat dan lebih dipercayai.
Kalkon, kurkumin dan derivatifnya adalah antara sebatian penting dalam penyelidikan
produk semulajadi kerana mempunyai pelbagai manfaat farmakologi termasuklah
aktiviti anti-radang. Oleh itu, kajian ini bertujuan untuk mengkaji kesan sebatian
sintetik yang terdiri daripada kalkon dan kurkumin derivatif dalam mengurangkan
pengeluaran sitokin pada keratinosit manusia yang dirangsang oleh histamin,
pengantara utama bagi proses alahan. Dalam kajian ini, pengeluaran sitokin IL-13 dan
IL-6 dalam sel keratinosit manusia (HaCaT) yang dirangsang histamin diukur
menggunakan ELISA manakala kesan sitotoksik histamin dikaji menggunakan asai
MTT. Histamin (10 uM) didapati dapat meningkatkan pengeluaran IL-1f dan IL-6
dalam sel HaCaT dengan pengeluaran tertinggi IL-1p dan IL-6 iaitu sebanyak 2.67 +
0.43 pg/mL dan 97.41 £ 2.33 pg/mL selepas 24 jam pendedahan histamin. Empat
sebatian sintetik terdiri daripada kalkon derivatif (FLA dan FLB) dan kurkumin
derivatif (BDMC33 dan MS65) kemudiannya dinilai untuk kesan pengurangan
terhadap pengeluaran IL-6 dalam sel HaCaT yang dirangsang histamin. Daripada
empat sebatian yang diuji, kurkumin derivatif (MS65) menunjukkan aktiviti anti-
radang terbaik dalam pengurangan pengeluaran IL-6 dengan nilai ICso sebanyak 4.91
+ 2.50 uM kurang toksik kepada sel HaCaT dengan nilai LCsg sebanyak 28.82 + 7.56



MM. MS65 menghalang tapak jalan NF-kB dan MAPK dengan menyekat gen H1R,
PKC, IKK-a, IxkB-p, NF-kB, c-Raf, MEK dan ERK. MS65 menunjukkan penyekatan
tertinggi terhadap gen H1R dengan lima kali ganda (0.23 + 0.02 kali ganda ekspresi)
pada kepekatan 6.25 uM. Hasil kajian ini telah memberikan pandangan mekanistik
terhadap kebolehan MS65 untuk mengurangkan pengeluaran sitokin yang dirangsang
oleh histamin dalam keratinosit manusia melalui penghalangan tapak jalan NF-xB dan
MAPK. Penemuan ini mencadangkan bahawa kurkumin derivatif, MS65 boleh
digunakan sebagai sebatian utama dalam penghasilan ejen ubatan baru bagi rawatan
penyakit kulit alahan.
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CHAPTER 1

INTRODUCTION

The prevalence of allergic diseases shows a well-documented increase worldwide with
the percentage of 20-30%, particularly in low- and middle-income countries
(Pawankar et al., 2011). The complexity and severity of these diseases are continually
increasing especially in children and young adults, who are profoundly affected by
these trends (Pawankar, 2014). In allergy, an exaggerated inflammatory response
against a harmless substance initiates a cascade of cellular and molecular events that
affect the skin (dermatitis and urticaria), respiratory tract (rhinitis and asthma) and
multiple systems (anaphylaxis) (Dave et al., 2011). Skin conditions are among the
most common types of allergy treated by allergists. Most of these diseases are chronic
and proliferative with a relapsing-remitting course, in which both genetic and
environmental factors play important roles (Fonacier et al., 2010). Patients with skin
allergies often face a high burden of suffering due to the tremendous impairment in
quality of life, mostly caused by an intense itch and stigmatization. In spite of the great
progress made in experimental research in allergology and immunology, there are still
a number of challenges in developing curative therapies for these allergic diseases
(Ring et al., 2009).

In brief, the allergic cascade causes a widespread of inflammatory and
proinflammatory activation, robust cytokine and chemokine production, as well as
heterogeneity in immune and endothelial responses, leading to the manifestations of
allergic reaction (Canonica and Blaiss, 2011). Histamine, a biological amine, has been
identified as a major mediator of inflammation and allergic response that regulates the
expression of cytokine, chemokines and cell-adhesion molecules (Baumer et al., 2013;
Fitzsimons et al., 2015). The release of histamine in the skin causes a variety of allergic
reactions which include redness, itching as well as wheal and flare due to vasodilation
and increase in vascular permeability (Thurmond et al., 2008). The exposure of
histamine to keratinocytes, the main cells of epidermis (outermost layer of the skin),
lead to the formation of an impaired skin barrier, which initiates the expression of
proinflammatory molecules that represents the starting point of primary skin
inflammation (Gschwandtner et al., 2013; Albanesi, 2010). Generally, histamine
exerts its proinflammatory effects mainly through four different receptors (H1, H2,
H3 and H4), but mediated mostly by the activation of H1 receptors (H1Rs) in allergic
diseases (Marone et al., 2003). The binding of histamine to the H1R results in
phosphorylation of protein kinase C (PKC) and downstream activation of nuclear
factor-kappa B (NF-kB) and mitogen activated protein kinase (MAPK) transcription
factors, which are associated with regulation of adhesion molecules, chemotaxis,
antigen presentation and proinflammatory cytokine production (Davila et al., 2006;
Matsubara et al., 2005).

Considering the roles of H1R in mediating proinflammatory effects of histamine, the
therapeutic intervention in allergic disorders has thus commonly focused on
developing the antagonists of this receptor (Zappia et al., 2015). H1 antihistamines,
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also called H1 antagonists, remain as first-line medications for the treatment of allergic
diseases due to their effectiveness in providing symptomatic relief (Motala, 2009).
The action of H1 antihistamines are associated with the suppression of cytokines,
chemokines and adhesion molecules transcription (Leurs et al., 2002; Matsubara et al.,
2005). However, increasing evidence have shown that administration of H1
antihistamines is limited in efficacy and associated with a number of side-effects such
as nausea, lightheadedness, drowsiness, headaches, agitation and dry mouth (Gutzmer
et al., 2011; Motala, 2009). Thus, the discovery of alternative anti-inflammatory
agents that are more effective and safe for treatment of allergic skin disorders is of
utmost important.

On natural preference of the treatment, a wide spectrum of phytochemicals and their
derivatives have been identified for their potential as anti-inflammatory agents.
Chalcone and curcumin, as well as their derivatives have attracted increasing interest
due to numerous pharmacological benefits. They have displayed a broad spectrum of
many pharmacological activities, including anticancer, antioxidant, anti-inflammatory
and antimalarial properties (Lahsasni et al., 2014; Wilken et al., 2011; Kumar et al.,
2013). For this reason, the versatility and flexibility for structural modification of
natural and synthetic derivatives of chalcone and curcumin have been explored
extensively for designing new medicinal agents with improved potency and lesser
toxicity (Kumar et al., 2013).

In the present study, the production of cytokines (IL-1p and IL-6) were measured in
cultures of human keratinocytes cell line (HaCaT) exposed with histamine. Then, four
chemically synthesized compounds consisting of chalcone derivatives (FLA and FLB)
and curcumin derivatives (BDMC33 and MS65) were evaluated for their inhibitory
activity against cytokine productions in histamine-induced human keratinocytes cell
line (HaCaT). The selected derivative was then further tested for its inhibition on gene
expression level in NF-xB and MAPK pathways. Hypothetically, the selected
derivative that is capable of reducing proinflammatory cytokine in keratinocytes
stimulated by histamine could be useful in treating skin allergies.

Objectives of the study

The general objective of this study is to elucidate the inhibitory effects of synthesized
compounds of chalcone and curcumin derivatives on IL-1p and IL-6 production in
keratinocytes exposed to histamine. The specific objectives are:

1) To measure the production of IL-1p8 and IL-6 in histamine-induced HaCaT
cells.

2) Toevaluate the inhibitory effects of chalcone derivatives (FLA and FLB) and
curcumin derivatives (BDMC3 and MS65) on selected cytokine production
in histamine-induced HaCaT cells.

3) To determine the effects of selected derivative on NF-xB and MAPK
inflammatory pathways via gene expression of H1R, PKC, IKK-g, IkB-o, NF-
kf, c-Raf, MEK and ERK in histamine-induced HaCaT cells.
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