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Abstract:

Interleukin (IL)-33 is a newly cytokine of interleukin-1 family. It is a dual function
protein that works as a nuclear factor and extracellular cytokine. IL-33 is constitutively
expressed in endothelial cells and epithelial cells of tissues exposed to environment and
can be secreted in response to tissue damage to immediately activate innate immunity
and T helper (Th)-2 cell response. In addition, IL-33 actions as a nuclear factor that
blocks inflammatory signals. Interestingly, it is strongly expressed in the nucleus of
keratinocytes of psoriasis patients. Psoriasis, a common chronic inflammatory skin
disease that affects 2-3% of Thai population, is considered as a Th1- and Th17-mediated
inflammation. The responsibility of IL-33 in psoriasis has not been clearly identified. The
ultraviolet radiation, especially UVB, is a phototherapy that has wide-ranging
immunosuppressive potentials via different mechanisms. UVB has been used to treat
psoriasis with satisfactory response.

In this study, we would like to compare IL-33 expression before and after
treatment with narrowband UVB (n=4) and methotrexate (n=4). Four patients diagnosed
with moderate to severe psoriasis were treated by NBUVB phototherapy, and four
patients were treated by methotrexate. They were received with systematic treatment until
the PASI75 was achieved or up to 12 weeks of treatment. The tissue samples from
lesional psoriatic skin are taken before and after treatment. The mRNA expression of IL-

33 in keratinocytes was measured using quantitative droplet digital PCR.



All of patients achieved a 75% reduction in the PASI score. For group narrowband
UVB (n=4), IL-33 mRNA levels of 3 patients (75%) were downregulated after treatment
with NBUVB. The median mRNA level of IL-33 was reduced from baseline 13.65
copies/ |l (IQR, 7-24.25) to 2.15 copies/Hl (IQR, 1.05-2.95). For group methotrexate
(n=4), IL-33 mRNA levels of 3 patients (75%) were downregulated after treatment with
NBUVB. The median mRNA level of IL-33 was reduced from baseline 3.5 copies/[l (IQR,
0.65-18) to 0.32 copies/LU (IQR, 0-0.82). The results obtained from data analysis
revealed a reduction in IL-33 expression by Wilcoxon signed-rank test (p = 0.144). For
both treatments, 6 of 8 patients (75%) achieved significant downregulated mRNA level of
IL-33 (p = 0.049%). The median mRNA level of IL-33 was reduced after treatment
compared to before treatment (9.4 copies/LU, 01.1-22.25 vs. 0.82 copies/[l, 0.2-2.15).

In conclusion, the IL-33 production seems particularly associates with
inflammatory skin of psoriasis, and this cytokine may be regulated by anti-inflammatory

treatment including NBUVB phototherapy and metrotrexate.
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Executive Summary

IL-33 was first described as an inflammatory cytokine that mediate Th2-associated
diseas. It is a newly discovered member of the IL-1 cytokine family that is expressed by
mainly in the nucleus of cells with barrier function, such as endothelial cells and epithelial
cell. Many recent studies have proposed that IL-33 is a novel ‘alarmin’ that, by meaning,
activates multiple cells, including T helper cells, mast cells, NK and NKT cells, eosinophils,
basophils, and dendritic cells and has varied contribution to pathophysiology of several
inflammation and diseases.

Firstly, IL-33 was considered that it might be secreted from the nucleus of the
necrosis-mediated or apoptosis cells. Then, there was a study showed that IL-33 could be
transferred from nucleus to cytoplasm using the nuclear pore complex and it exists in
membrane-bound cytoplasmic vesicles. This described function of IL-33 as a mechanically
cytokine secreted by living cells. Nevertheless, the exact role of IL-33 remains unclear. IL-
33 seems to be a cytokine with dual function, acting both as an intracellular nuclear factor
with transcriptional regulatory abilities and as a traditional cytokine via activation of the
ST2L receptor complex.

Interestingly, its expression is increased following varies pro-inflammatory
stimulation, such as TNF-Q(, IFN-Y, and IL-17, which have participated in complicated
immunopathogenetic of psoriasis. TNF-OL could stimulate the secretion of IL-33 from

immortalized keratinocytes. This was supported by other study that TNF-OL and IL-17 was
able to upregulate almost all IL-1 family members, including IL-33, in ex vivo healthy skin
organ culture.

Psoriasis is a Th1- and Th17-mediated inflammatory skin disease, which is
characterized by marked infiltration of T cells, dendritic cells, macrophages and neutrophils
in psoriatic skin. Several mediators can trigger dendritic cells through keratinocyte stress
or directly activate via pattern recognition receptors. Cell stress can both induce and
release intracellular endogenous factors or ‘damage-associated molecular pattern
(DAMPs) to extracellular environment and generate inflammation. IL-33 is one of DAMPs.
From our reviews literatures, skin tissues contain a high level of IL-33 mMRNA expression

compared to other tissues and cell types.



Intriguingly, it has been found to be strongly expressed and noticeably higher in
the nuclei of keratinocytes in psoriatic skin lesions compared with healthy skin, lichen
planus which is Th1-associated disease, and atopic dermatitis which is Th2-associated
inflammation. Therefore, it has been proposed to represent a novel marker of psoriasis,
comparative to other inflammatory skin disorders. Moreover, recent studies revealed that
epidermal IL-33 expression associates with Koebner reactions, and it may be released to
induce mast cells in psoriasis biology.

UVB phototherapy has been commonly used to treat moderate to severe psoriasis
with satisfactory response. Interestingly, previous studies have been demonstrated that
UVB irradiation of epidermal keratinocytes resulted in a significant upregulate in IL-33
expression in vivo. Several IL-1 family members, including IL-33, are involved in UVB-
induced pro-inflammatory pathway. Thus, this is the interested feature of NBUVB that we
aim to investigate whether NBUVB phototherapy has an effect on the expression of [L-33
in affected psoriatic skin.

In this study, we have demonstrated for the first time that IL-33 mRNA are
expressed in psoriatic lesional skin in vivo before and after treatment with NBUVB
phototherapy. These expressed IL-33 mRNA levels were decreased after NBUVB therapy
in psoriasis patients, which suggests that IL-33 expression associates with NBUVB
radiation as well as improvement of the disease. Base on the result, we considered the
discussion in two aspects.

Firstly, this outcome, the decreased IL-33 mRNA levels after treatment, raises the
possibility of its involvement in pro-inflammatory role as a cytokine in psoriasis. Several
recent studies can support our results in extracellular role of IL-33 as an inflammatory
cytokine.

Secondly, as we have known that psoriasis is a complicated immune-mediated

inflammatory disorder. Pro-inflammatory, Th1 and Th17 cytokines and chemokines such as

TNF-OL and IFN-Y are key cytokines in development of disease, and also are found to be
involved in production of IL-33 in keratinocytes. According to the immunosuppressive
effects of NBUVB phototherapy in treating psoriasis, we may assume that the suppression
of these pro-inflammatory cytokines effect levels of IL-33 mRNA. NBUVB therapy might
not directly decrease the IL-33 expression in psoriatic skin. Further studies with this aspect

are needed.



In summary, we cannot conclude the exact function of newly cytokine, but this
present study could presents evidence for a novel alarmin, IL-33, in plaque-type psoriasis
through NBUVB radiation and improvement of disease. IL-33 mRNA levels are decreased
after NBUVB therapy. Our findings can imply that the production of IL-33 generally
associates with inflammatory skin of psoriasis, and this cytokine could be regulated by
anti-inflammatory treatment. In this end, our present study may partly explain a doubful
role of IL-33 cytokine in psoriasis and might be opened aspect for more investigation in the
future. A limitation of this study is that the number of psoriasis patients was very small due
to the limited period of time. Secondly, we did not detect a serum protein level, as well as
immunohistochemical staining of IL-33, which may provide a better understanding of IL-33
expression. Further studies with larger number of subjects and IL-33 protien level as well
as immunohitochemistry should be performed to validate those possible roles of this
cytokine in psoriasis.

In addition, we also observed the effect of methotrexate (MTX) to IL-33 expression
in keratinocyte in psoriasis patients. After methotrexate treatment, IL-33 mRNA expression
were decreased in psoriatic lesional skin biopsy compared to baseline. It may imply that
downregulated IL-33 expression associates with improvement of the disease due to
methotrexate therapy. Therefore, we considered reporting this outcome, which is shown in
the result chapter (group M), and discussing the association between IL-33 expression and
psoriatic treatment modalities.

Methotrexate is considered as an effective and successful therapy and remains
widely used immunosuppressive agent for treating moderate to severe psoriasis. A
therapeutic mechanism of MTX in psoriasis is both anti-inflammatory and anti-proliferative
properties. This drug can reduce keratinocyte proliferation by acting as folate antagonist.
The diminution in pyrimidine, purines, and methylation of DNA is a result of its action. In
addition, MTX acts on the adenosine metabolism and causes the release of adenosine
from damaged cells by the inhibition of 5-aminoimidazole-4-carbonxamidoribonucleotide
(AICAR) transformylase. Adenosine, an endogenous purine nucleoside, is an
immunosuppressive mediator that inhibits PMNs adhesion molecules, macrophage-induced
TNF-QL, and lymphocytes proliferation.

Other immunosuppressive effects of MTX include the inhibition of proinflammatory

cytokines, suppression of T and B lymphocytes, and downregulation of chemotaxis of



monocytes and neutrophils. Moreover, this drug stimulates keratinocyte apoptosis and
reduces DNA synthesis. Due to the complicated pathogenesis of psoriasis, the
dysregulated immunity may be a target for antipsoriatic effect of drug.

In our study, we found the IL-33 mRNA expression on lesional plaque of psoriasis
patients. These mRNA levels of IL-33 were decreased after treatment with methotrexate,

which proposes that IL-33 cytokine associates with methotrexate together with the disease
improvement. This may be due to downregulation of inflammatory cytokines like TNF-OL

and IFN-Y by MTX, which are involved in IL-33 production. Another possible mechanism is
that methotrexate has anti-mitotic action on psoriatic skin and apoptotic effect in
keratinocytes, which are found to be potential source of IL-33 cytokine. Owning to the
reduced IL-22 serum levels, MTX inhibits epidermal hyperproliferation in psoriasis, which
may indirectly affect to IL-33 cytokine production from keratinocytes. In conclusion, this
shows evidence for IL-33 in psoriasis through its therapies, NBUVB and methotrexate, and
improvement of disease. These can support that the expression of IL-33 in psoriasis could
be regulated through anti-inflammatory and immunomodulatory properties of treatments.
Further study will help understand the mechanisms of release, induction, regulation and

effect of this cytokine.



1. Introduction

1.1 Background and Rationale

Psoriasis is a common chronic inflammatory cutaneous condition that
affected 2-3% of Thai population. This chronic disease has significant unsatisfied factors
that affect patients’ quality of life. The costs can lead to impaired quality of life, lost
productivity, increasing overall cost related with the psoriasis management. The disease
is manifested by abnormal changes in epidermal proliferation and differentiation and
various immunologic, biochemical and vascular abnormalities. By the way, its cause
remains unknown. Recently, the discovery of interleukin (IL)-33 as a T helper (Th) 2-
mediated inflammation was proposed. Interestingly, IL-33 is strongly stained at the
nucleus of keratinocytes of psoriasis, which is considered as Th-1/Th-17 mediated
immune response when compared with atopic dermatitis, which is considered as Th-2/Th-
1 mediated immune response. Role of IL-33 in psoriasis is still unknown. We use
therapeutic models to demonstrate the IL-33 expression in keratinocytes after clinical
improvement. Our results will help scientists and dermatologists for better understanding
the function, the expression, the regulation of IL-33 in psoriasis as well as to develop the

new therapeutic drug for psoriasis in the future.

1.2 Research question

IL-33 is the most newly cytokine of IL-1 family. It is a dual function protein
that works as a nuclear factor and secreted cytokine. IL-33 is constitutively produced from
epithelial cells and endothelial cells of tissues exposed to environment and can be
secreted in response to alarming damage to immediately stimulate innate immune
immunity and Th2-cell immunity. IL-33 also actions as an intracellular nuclear factor that
inhibits inflammatory signals. Interestingly, IL-33 is strongly expressed in the nucleus of
keratinocytes of psoriasis, which is a common chronic inflammatory cutaneous disease
that affects 2-3% of Thai population. Psoriasis is considered as a Th1- and Th17-
mediated inflammation. The role of IL-33 in psoriasis has not been clearly identified.

The ultraviolet radiation, especially UVB, is a phototherapy that has wide-
ranging immunosuppressive potentials via different mechanisms. UVB has been used to
treat psoriasis with satisfactory response. In this study, we would like to compare IL-33
expression before and after treatment with narrowband UVB. The tissue samples from

lesional and perilesional plaques of four cases of psoriasis are taken. The mRNA



expression of IL-33 in keratinocytes is measured by a droplet digital polymerase chain
reaction (ddPCR). The expression of IL-33 in the nucleus of keratinocytes in psoriasis
after treatment with narrowband UVB will probably suggest the regulation and role of IL-
33 in psoriasis. Additionally, this study will demonstrate another mechanism of

narrowband UVB in inhibiting inflammation in psoriasis.

1.3 Specific objective

The primary objective is to investigate effect of narrowband UVB on IL-33

expression in keratinocytes of psoriasis.

1.4 Hypothesis

Increasing of IL-33 mRNA expression might be observed in keratinocyte after

narrowband UVB phototherapy in psoriasis patients.

1.5 Keywords
Interleukin-33
Narrowband UVB

Psoriasis

1.6 Operation definition

Moderate to severe plaque-type psoriasis (PASI score >10)

1.7 Ethical consideration
All patients were informed about the nature, objectives, methods and
expected benefits of this study. Additionally, the possible adverse events and
inconvenience during the study were clearly intimated to all patients. All patients have the
right to withdraw from the study and this was deprived of the bias of the physicians to
continue the standard treatment. Confidentiality of the subject's data was primarily
concerned. Approval of this study was obtained from Thammasat University, Ethical

review committee.

1.8 Limitation

The limitations are number of cases, patient compliance, and adverse effect
of NBUVB.



1.9 Expected benefits and application

Psoriasis is a chronic inflammatory skin diseases determined by polygenic
inheritance, environmental factors then drives abnormal immune responses. It causes
worldwide concern because of high prevalence, incurable and lifelong process that effect
both physical and mental of people. The immunopathogenesis of psoriasis is very
complicated. Nowadays treatment of psoriasis aims to relieve symptoms more than cure
for the disease. Mechanism of the most of modalities in psoriasis treatment is broad and
patients still suffer from treatments’ complication. Development of translational research
will help us to better understand the very complex pathogenesis of psoriasis. In the
future, develop new biologic drugs that highly effective and specific for psoriasis should

be concerned.

1.10 Obstacles and strategies to solve the problems
The minority of patients lost or delayed to follow up. The problem was solved
by the improvement of doctor-patient relationships.
For the specimen collection, all samples were labeled the patient's code,
hospital number, and date of collection in order to prevent the switching or lost of
subject’s specimen. The samples were kept orderly in laboratory room before the data

analysis process.

Table 1.1 Administration and time schedule

2015 2016

Preparation

Data

collection

Data

analysis

Manuscript

preparation

Publication




2. Review of literature

Chronic inflammatory cutaneous diseases, such as lichen planus, atopic
dermatitis, and psoriasis, are the most prevalent skin diseases that cause a major public
health problem worldwide. They have dramatic physical, mental, social and financial
ramifications for those they afflict. They are related with genetic background, defect in
barrier function or hyper responses to danger stimuli and abnormal immunologic
responses. Various cytokines are associated in the pathogenesis of these skin diseases.

Psoriasis is a common, chronic, inflammatory immune-mediated skin disease
affecting approximately 2-3% of the world’s population (1). The etiology of psoriasis
seems to be multi-factorial according to polygenic inheritance, environmental factors, and
abnormal immune responses. Although the disease is seldom life threatening, it certainly
has a significant undesirable impact on patients’ quality of life, demonstrable by physical,
emotional, psychosocial wellbeing and economic burden (2, 3). Both long-term treatment
costs and social costs have a negative influence on health care systems and on society
in overall. There are several clinical cutaneous manifestations of psoriasis but most
commonly the disease is characterized by classically well-demarcated, symmetrical,
erythematous, and raised round-oval plaques with silvery dry scales that may be painful
and/or often pruritic.

Epidermal keratinocytes are the main population in the epidermis, the most
spacious organ, which covers the whole body. Epidermal keratinocytes respond to
environmental stimuli, such as ultraviolet light, mechanical stress (4, 5) or chemical injury,
which induce inflammation and infiltration of various inflammatory cells into the skin.
Keratinocytes show a key role in innate immune responses in the skin via expression of
Toll-like receptors, secretion of pro-inflammatory cytokines (TNF-Q, IL-8, IL-1, and IL-33),

chemokines, growth factors, and anti-microbial peptides in response to tissue injury or



invading microbes. Disruption of keratinocyte homeostasis can induce systemic
immunological alterations. In psoriasis, keratinocytes produce high amount of cathelicidin
(LL-37), an anti-microbial peptide, which bind to self-DNA, and RNA subsequently
stimulates plasmacytoid dendritic cells. This mechanism breaks tolerance to self-DNA and
drive autoimmune response in psoriasis (6, 7).

IL-33 is the most recently discovered cytokine as a member of IL-1 family. In
human diseases, serum [L-33 is elevated in patients with allergic rhinitis (8), systemic
lupus erythematosus (9), rheumatoid arthritis (10, 11), ulcerative colitis (12), human
immunodeficiency virus (HIV) infection, systemic sclerosis (13), bullous pemphigoid (14),
psoriatic arthritis and psoriasis vulgaris (15). Tissue IL-33 expression is upregulated in the
bronchial mucosa of patients with asthma (16), the synovial tissue of patients with
osteoarthritis, psoriatic arthritis, and rheumatoid arthritis (17), and in several inflammatory
cutaneous diseases including atopic dermatitis, psoriasis, lichen planus, allergic contact
dermatitis, chronic spontaneous urticaria, and vitiligo (18).

This cytokine was first cloned from canine vasospastic arteries induced by
subarachnoid hemorrhage. IL-33 has been recognized as a ligand for the IL-1 receptor
family member, ST2L. Pro-IL-33 is a 30-kDa protein that is combined of an N-terminal
domain and an 18-20 kDa C-terminal cytokine domain. The 18-kDa C-terminal moiety of
IL-33 is sufficient for binding to its receptor, ST2L. Binding of IL-33 cytokine to ST2L and
enroliment of the IL-1RAcP induces the activation of intracellular signaling pathways
typical of receptors containing a TIR domain, which include the recruitment of MyD88
protein and the activation of nuclear factor KB (NF-KB), ERK, p38 and JNK pathways. IL-
33 activates different cells of the innate immunity (19-21), such as mast cells, eosinophils,
basophils (22), NKT cells (23), dendritic cells (24) and neutrophils (25), and Th2
lymphocytes (20). Recombinant IL-33 was found to drive production of pro-inflammatory
and Th2-associated cytokines in mast cells and Th2 lymphocytes (26-29). According to
these findings, IL-33 is considered to the pathogenesis of Th2-type inflammation.

Despite the increasing number of studies that described the roles of mature,
recombinant IL-33, substantially less is known about exact sources of IL-33. Vascular
endothelial cells are the major IL-33 expressing cells in vivo (30, 31). Elevated levels of
IL-33 were also found in nucleus of fibroblastic reticular cells (FRCs) of lymphoid tissues
and types of epithelium, including epithelial cells of stomach and keratinocytes of skin

(31).



Several publications have revealed that IL-33 expression can be increased in vitro
in mesenchymal, epithelial, and myeloid cells cultured with Toll-like receptor ligands (32-
35) and pro-inflammatory stimuli (10, 16, 36, 37). Tumor necrosis factor (TNF)-Ql is the
mediator used most frequently to stimulate IL-33 production by epithelial cells. IL-1 and
TNF-Ol can induce the production of IL-33 in synovial fibroblasts in vitro (36). In addition,
the expression of ST2L on neutrophil is decreased in patients who respond to therapy
with the TNF-QL inhibitor (38) suggesting that both production of and cellular responses to
IL-33 are modulated by pro-inflammatory cytokines. These findings suggest that pro-
inflammatory cytokines induce the IL-33 production, but few reports have investigated the
production of this cytokine in epidermal keratinocytes.

IL-33 was proposed as dual function protein like IL-10l, another cytokine member
of IL-1 family. In the nucleus, IL-33 acts as a nuclear factor that inhibits inflammatory
signals and pro-inflammatory cytokines production in keratinocytes via transcriptional
suppression (39, 40). In contrast, IL-33 acts as a secreted cytokine that induces IL-8
production from keratinocytes (40) and activates immune responses.

Psoriasis is a cutaneous disease resulting from the dysregulated interaction
between skin keratinocytes and infiltrating immune cells. Psoriasis is considered a mixed
Th1 and Th17 cell-mediated autoimmune disease, in which the likely induction of IFN-Y
and IL-17 cytokines is considered to be pathogenic (41). Recently, the expression of IL-
33 was reported in psoriasis skin lesion in keratinocytes, fibroblasts and endothelial cells
(19, 40), but not in serum of psoriasis patient. Induction and secretion of IL-33 from
keratinocytes in psoriasis was reported after stimulation by pro-inflammatory cytokines
such as TNF-QU (42, 43), IFN-Y, and IL-17 (40). In contrast to rheumatoid arthritis, 1L-33
could not be detectable in serum and synovial fluid of psoriasis arthritis patients (17). By
the way, the function of IL-33 in psoriasis remains unknown.

The UV radiation contained in sunlight, especially UVB, has wide-ranging
immunosuppressive potentials via different mechanisms. These properties of UVB include
suppression of antigen presenting cells, stimulation of inhibitory cytokines synthesis e.g.
IL-10, and induction of keratinocyte apoptosis. Due to these mechanisms, UVB has been
used to treat psoriasis with satisfactory response. From recent study, Byrne et al. (44)
and Meephansan et al. (45) demonstrated that UVB radiation could induce IL-33
expression in keratinocytes and dermal fibroblasts. More recently, Balato et al. (43) have
been reported that IL-1 family members, including IL-33, are involved in UVB-induced

pro-inflammatory pathway. Thus, this is the interested feature of NBUVB that we aim to



investigate whether NBUVB phototherapy has an effect on the IL-33 expression in
affected psoriatic skin.

Recent development in translational research produced various clinically effective
“biologics”, such as cytokine-targeted antibodies, decoy-receptors, or “molecular target
drugs”, such as small molecular size inhibitors for signal transduction. Therapeutic
antibodies and inhibitors targeted for some of the inflammatory cytokines have been
proved effective in treating chronic inflammatory skin diseases, such as psoriasis (46),
which imply that studies on the production mechanisms of inflammatory cytokines related
to skin diseases would be of importance in future therapeutic development in

dermatology.

Interleukin-33 and psoriasis

Many current publications have showed that IL-33 expression is increased in
lesional skin of psoriasis compared with normal skin (42, 47, 48). Hueber et al. (19)
demonstrated that IL-33 and ST2 expression are upregulated in human lesional psoriatic
plaques compared with perilesional and normal healthy skin. Moreover, IL-33 is strongly
expressed in the nuclei of keratinocyte in psoriasis which is considered as a Th1 and
Th17 mediated disease, compared with atopic dermatitis which is Th2 related disease,
and lichen planus which relate to Th1 cells (40). According to the discovered structure of
IL-33, It shows the property to act both as an extracellular cytokine, stimulating ST2L
receptor, and as an intracellular factor, controlling gene transcription. However, the clearly
role of IL-33 in psoriasis remain not well know.

Relatively studies have shown the association between IL-33 and psoriasis. IL-33
was found in both nucleus and cytoplasm of disease keratinocytes and it was also
detectable in the cells junctions, being suggestion that psoriatic keratinocytes can secrete
IL-33 (42, 43). Suttle et al. (49) also reported the decrease in IL-33 immunostaining
biopsies in the Koebner-positive psoriasis patients, which can reflex the release of IL-33
after skin injury by tape-stripping. Interestingly, proinflammatory cytokine, TNF-Ql, dose-
and time-dependently activated IL-33 mRNA expression in normal skin culture ex vivo.
Likewise, TNF-OL potentially stimulated gene expression of IL-33 in normal human
epidermal sheets and psoriatic skin (50). Moreover, the levels of IL-33 were significantly
reduced after TNF-OU inhibitors therapy (50, 51). Hueber et al. (19) demonstrated that
ST2-deficient mice develop reduced keratinocyte proliferation in a topical phorbol esters-

induced development of inflammation. They also showed that IL-33 functions as an



alarmin and it can trigger mast cell and neutrophil activation leading to psoriatic lesion of
the skin. Balato et al. (42) also evaluated the role of IL-33 through mast cell activation in
promoting inflammatory cascade.

Furthermore, Mitsui et al. (15) recently investigated that serum IL-33 levels are
significantly elevated in patients with psoriasis, particularly correlated with serum TNF-QU

levels, and these elevation were decreased after anti-TNF-OU treatment. Therefore, they
suggested that IL-33 is a general indicator for inflammation in psoriasis. However,
Tamagawa-Mineoka et al. (52), Balato et al. (42) and Talabot-Ayer et al. (17) revealed
the contrary result that serum IL-33 expression was not detectable in psoriasis patients.
By the way, the pathophysiology of IL-33 remains complicated and all these evidences

support that this cytokine has several doubtful roles that remain to be solve.

3. Research methodology

3.1 Study sample
3.1.1 Target population
Patients presenting to Out Patients Department (OPD) of Dermatology,
Thammasat University Hospital and Thailand Tobacco Monopoly Hospital, who had been
diagnosed with moderate to severe plaque-type psoriasis achieving the inclusion criteria
were included in the study.
3.1.2 Sample size
A total of 11 patients are recruited for this study.

[Ex-zi]fad

N (Pair) = E:

a=0.05 Z0 = 1.645
[i=0.2 Power = 0.8



d = mean difference = 220
& = SD of the within pair difference = 281.8
N (Pair) = 10.1 subjects
Drop out rate 10% = 11 subjects
3.1.3 Inclusion criteria
- Patient aged a?~ol&i8y‘e
- Moderate to severe plaque-type psoriasis (Psoriasis Area and
Severity Index; PASI >10) patient
3.1.4 Exclusion criteria
- Patients’ refusal to participate the study
- Patient taking other treatment for psoriasis; topical therapies within 2
weeks, and systemic therapies within 4 weeks prior the study period
- Patient with contraindication of narrowband UVB (e.g. xeroderma
pigmentosum, other inherited disorder associated with UV-induced carcinogenesis,
photodermatosis, history of skin cancer)
- Patient with known history of photosensitivity
- Patient suffering from psoriatic arthritis
- Patient with IL-33 associated diseases (e.g. rheumatoid arthritis,
atopic dermatitis, systemic lupus erythematosus, ulcerative colitis, asthma, HIV infection)
- Patient with cancer condition, autoimmune disease and
immunocompromised conditions
- Pregnant and lactating women
- Unreliable and poor compliance patient
3.1.5 Discontinuation criteria
- Patients’ refusal to participate the study
- Patient suffering serious adverse effect of phototherapy

- Unreliable and poor compliance patient
3.2 Research design

This experimental before - after study will be conducted at the Department of

Dermatology, Thammasat University Hospital and Thailand Tobacco Monopoly Hospital

VVB IL-33 expression
Increasing of IL-33 mMRNA

- . expression ?

Psoriasis skin




between July 2015 and April 2016.

Figure 3.1 Research design

3.3 Materials and methods
3.3.1 Informed consent process

- Patients are fully informed of the nature, objective, expected benefit,
and complication of this study.

- The formal consent form was taken from participants.

3.3.2 History taking

The collected data include

- Patients’ personal history: age, gender, body mass index, skin type,
occupation, smoking habits, drinking habits, underlying disease, current medication, and
family history.

- Patients’ disease history: age of disease onset, duration of disease,
site of lesions, pruritus intensity measured by Visual Analogue Scale, history of prior
treatment and response, and history of arthritis.

- Patients’ information for exclusion criteria such as history of
photosensitivity, pregnancy, and lactation.

3.3.3 Physical examination

- Weight and height measurement

- Disease evaluation will be established regarding the erythema,
scale, thickness, site, and size of the psoriatic plaque. The Psoriasis Area Severity Index
(PASI; <10=mild, = 10Amodetate ¢

3.3.4 Tissue collection

- The skin biopsy (fully developed lesion, peri-lesional skin) will be

collected at baseline and following 12 weeks of treatment or when the PASI score is

improved more than 75%.
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Figure 3.2 Tissue collection

3.3.5 Intervention and follow up

- Before each phototherapy session, the participants’ skin type will be
evaluated. The starting UVB doses are 0.20 to 0.30, J/cm2 according to the skin types
then increase by 10% to 20% with each treatment. The patients have 3 sessions each
week. Dose increments continue until lesion clearance, which is defined as 75%
reduction in PASI score or achieved 12 weeks of treatment.

- Follow up will be done every 2 weeks for the first month, then every
4 weeks until clearance. At clearance of disease, the phototherapy will be tape off and
the topical treatment is used for maintenance.

- Patients will be ask about pinkness, tenderness, burning sensation,

pruritic symptom, and any abnormal lesion of the skin from the previous session.

3.4 Outcome measurement
Skin biopsies are used to detect mRNA level of IL-33 by Droplet DigitalTM
PCR Technology and they are used to detect protein level of IL-33 by
immunohistochemical staining.
3.4.1 Skin biopsies preparation
- Skin biopsies (4 mm-sized of lesional, 6 mm-sized of peri-lesional

skin) are collected in cryotubes.
- The tissues are immediately cryopreserved at -80° Celsius, where
they were kept until molecular analysis.

3.4.2 Materials for outcome measurement



- RNeasy® Mini Kit
- ImProm-II™ Reverse Transcription System

- ddPCR™ Supermix for Probes Assay
3.4.3 RNA extraction, cDNA synthesis, and droplet digital PCR

The lesional skin biopsies before and after NB-UVB therapy were

cryopreserved at -80° Celsius until RNA extraction. An RNAeasy mini kit (Qiagen, Inc.,
Hilden, Germany) was used for total RNA extraction from lesional psoriatic skin biopsies.
Complementary DNA was generated from 5.7-29.61 ng/JAl RNA using an ImProm-II™
Reverse Transcription System (Promega Madison, USA) according to the manufacturer’s
instructions. The PCR primers and probes for human IL-33 (Hs00369221_m1) and the
housekeeping gene, glyceraldehyde-3-phosphate dehydrogenase (GAPDH), were
obtained from Applied Biosystems (Norwalk, CT). Sample preparation for droplet

generation was performed using the Droplets Digital PCR reaction supermix for probes

(Bio-Rad, Hercules, CA). In a 20 LI PCR reaction, 2 U of cDNA was added to 10 LUl of
2x supermix (Qx200 ddPCR EvaGreen Supermix, Bio-Rad) with the addition of IL-33
gene-specific primers and GAPDH primers, respectively. The reaction mixture was
converted into droplets using an Automated Droplet Generator (Bio-Rad) and end-point
PCR was performed. All the primers were diluted to optimize signal-to-noise and
thresholds were set using non-template control wells.
3.4.4 Droplet Digital Polymerase Chain Reaction (ddPCR) Technology
3.4.4.1 Sample preparation

- Bio-Rad ddPCR supermixes for Probes are specific for the
droplet chemistry.

- Prepare the PCR reaction by combining 2x PCR supermix,
20x primers and probe, and cDNA sample. Mix by vortexing in short pulses; centrifuge
briefly.

- Insert the DG8 cartridge into the holder with the notch in the
cartridge at the upper left of the holder.

- Transfer 20 LU of each prepared sample to the sample wells
(middle row) of the DG8 cartridge.
- Dispense the droplet generation oil in the reagent trough.
3.4.4.2 Droplet generation
- Correct placement of the gasket over the cartridge holder.

The gasket must be securely hooked on both ends of the holder.



- Place loaded cartridge into QX200 droplet generator.
- Generate 20,000 nanoliter sized droplets per sample 2
minutes for 8 samples.

3.4.4.3 Preparation for PCR

- Pipet 40 LU of the contents of the top wells (the droplets).

- Dispense droplets into a single column of a 96-well PCR
plate.

- Seal the PCR plate with foil immediately after transferring
droplets to avoid evaporation.

- Use pierceable foil plate seals that are compatible with the

Px1™ pcR plate sealer. Set the plate sealer temperature to 180° Celsius and time to 5
seconds.

- When heat sealing is complete, the PX1 door opens
automatically. Remove the plate from the block for PCR in thermal cycler. Begin thermal
cycling (PCR) within 30 minutes of sealing the plate.

- The resultant droplets were then subjected to amplification as
follows: one cycle at 95°C for 10 minutes, 40 cycles at 94°C for 30 seconds, and 60°C

for 1 minute, and a final cycle at 98°C for 10 minutes with a ramp speed of 25°Cls in a
C1000 Touch Thermal Cycler (Bio-Rad).
3.4.4.4 Droplets reading
- Following PCR amplification of the nucleic acid target in the
droplets, the plate containing the droplets is loaded in QX200 droplet reader.
- Entire 96-well plate read in approximately 2.5 hours.
3.4.4.5 ddPCR data analysis by software
The data analysis was performed using QuantaSoft Software
(Bio-Rad). The data can be viewed as a 1-D plot with each droplet from a sample plotted
on the graph of fluorescence intensity vs. droplet number. All the samples were
normalized to the GAPDH control with graphs representing data normalized to the

indicated comparison condition.

3.5 Data analysis



Data were analyzed using SPSS version 23 for statistic. The results were
given in form of proportion or percentage for qualitative data, median, mean and standard
deviation for quantitative data. The equivalent nonparametric statistics, Wilcoxon signed
rank test, was used to compare levels of IL-33 expression before and after NBUVB

treatment. Statistical significance was considered when p-value <0.05.

Qualitative data Quantitative data
Data summarization Proportion Mean
Percentage Standard deviation
Median

Interquartile

Test of difference Wilcoxon signed rank

The qualitative data were presented in table. While, the quantitative data

were presented in histogram charts or box-and-whisker plot.



4. Results

A total 13 patients with widespread plaque-type psoriasis were enrolled. They
were divided into two groups according to their treatment.

Group NBUVB (group N) (n=7) received a NBUVB phototherapy, 4 patients
completed the study (the treatment, follow-up, and laboratory process): 1 patient lost
follow-up, and 2 biopsy tissues were unextractable.

Group Methotrexate or MTX (group M) (n=6) received a methotrexate treatment,
4 patients completed the study (the treatment, follow-up, and laboratory process): 2

biopsy tissues were unextractable.

4.1 Group NBUVB (group N)
4.1.1 Baseline characteristics

Four patients, all males (100%), who had been diagnosed with plaque
type psoriasis with PASI score >10 were included in this study. None of the subject in
this study showed evidence of contraindications as the result of administration of
narrowband UVB therapy.

The mean * SD age of subjects was 53.75 + 14.24 years and the
median age was 56.5 years. The mean = SD and median number of body mass index
(BMI) was 27.15 £ 2.47 and 27.25, respectively. Two patients (50%) had Fitzpatrick skin
type Il and other halves (50%) had Fitzpatrick skin type IV. The alcohol-drinking history
was found in two patients (50%).

The mean + SD age of disease onset was 44 + 19.66 years and the
median was 45 years. Each patient in this study had lesions on scalp and nails which
do not always occur within the population of psoriasis sufferers. The mean + SD and
median numbers of disease duration were 9.75 + 8.10 years, and 9 years with a range
from 2 to 19 years. Family history of psoriasis with first-degree relative was found in two

patients (50%). The underlying diseases of all subjects are shown in Table 9.1.



Table 4.1 Baseline characteristics for each psoriasis patient (group N)

Case Sex Age

68
56
34
57

A W N
= 2 £ £

v
0
0
v

Skin
type

BMI

244
258
29.7
28.7

Smoking

No
No
No
No

Alcohol Age of

drinking onset (y)
No 66
Yes 52
No 20
Yes 38

Duration of
disease (y)
2
4
14
19

FH of
psoriasis
No
No
Yes

Yes

Duration of
NBUVB (w)
8
9
9
11

Underlying
disease
T2DM
HT
None
Type 2 DM, HT,
DLP

y, years; w, weeks; BMI, body mass index; DM, diabetes mellitus; HT, hypertension; DLP, dyslipidemia

Table 4.2 PASI scores and IL-33 mRNA levels for each psoriasis patient (group N)

Case

BN

A O N

PASI score mRNA IL-33 (copies/[Ll)
Baseline After NBUVB Baseline After NBUVB
16.0 1.1 14.5 1.7
14.3 1.7 34.0 0.4
14.5 1.5 1.2 3.3
23.3 2.7 12.8 26







Table 4.3 Analyzed baseline characteristics (group N)

Group N (n=4)

Mean += SD Median (Min,
Max)
Frequency (%)
Age (years) 53.75 + 14.24 56.5 (34, 68)
Sex
Female 0 (0%)
Male 4 (100%)
Skin type
Il 2 (50%)
v 2 (50%)
BMI 27.15 £ 2.47 27.25 (24.4, 29.7)
Smoking 0 (0%)
Alcohol 2 (50%)
Age of onset 44 + 19.66 45 (20, 66)
Duration (years) 9.75 + 8.1 9 (2, 19)
Lesion on scalp 4 (100%)
Lesion on nails 4 (100%)
Family history of psoriasis 2 (50%)
Duration of treatment (weeks) 9.25 + 1.26 9 (8, 11)
Underlying disease
None 1 (25%)
Hypertension 2 (50%)
Type |l diabetes mellitus 2 (50%)
Dyslipidemia 2 (50%)

Values presented as frequency (%), Mean = SD, and Median (Min, Max).

BMI, body mass index



4.1.2 Clinical response and PASI score
After treatment with NBUVB, all patients (100%) achieved

improvement with 75% reduction in PASI score.
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Figure 4.1 Serial changes in PASI scores before and after NBUVB treatment

The median PASI score at baseline was 15.25 with an interquartile
range between 14.4 and 19.55.

The median PASI score after NBUVB treatment was 1.6 with an
interquartile range between 1.3 and 2.2.

The results obtained from data analysis revealed that a Wilcoxon

signed-rank test showed a reduction in PASI score (p = 0.068).



4.1.3 Baseline and after treatment analysis of IL-33 mRNA levels
After treatment with NBUVB, 3 of 4 pateints (75%) achieved
downregulated mRNA level of IL-33.
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Figure 4.2 Serial changes in IL-33 mRNA levels before and after NBUVB treatment

The median IL-33 mRNA level at baseline was 13.65 copies/|l with
an interquartile range between 7 and 24.25.

The median IL-33 mRNA level after NBUVB treatment was 2.15

copies/AI with an interquartile range between 1.05 and 2.95.
The results obtained from data analysis revealed that a Wilcoxon

signed-rank test showed a reduction in mMRNA level of IL-33 (p = 0.144).
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Figure 4.3 Comparison of PASI score (upper) and IL-33 mRNA levels (lower) at
baseline and after NUVB treatment in psoriasis patients. Horizontal bars represent the

median.

Table 4.4 Baseline and after treatment analysis (group N).

Median (IQR) and p-value of Wilcoxon signed ranks test (n=4)




At baseline After NUVB treatment p-value

PASI score 15.25 (14.40, 19.65) 1.6 (1.3,2.2) 0.068
IL-33 expression 13.65 (7,24.25) 2.15 (1.05,2.95) 0.144
(copies/[Ll)

Values presented as median (IQR). p-value corresponds Wilcoxon signed ranks test.

4.2 Group Methotrexate (group M)
4.2.1 Baseline characteristics

Four patients, Three males (75%) and one female (25%), who had
been diagnosed with plaque type psoriasis with PASI score >10 were included in this
study. None of the subject in this study showed evidence of contraindication.

The mean * SD age of subjects was 48 + 20.85 years and the
median age was 51 years. The mean + SD and median number of body mass index
(BMI) was 30.05 + 9.09 and 27.45. Two patients (50%) had Fitzpatrick skin type IIl and
other halves (50%) had Fitzpatrick skin type IV. Smoking history was found in one
patient (25%) and alcohol-drinking history was found in two patients of group M (50%).

The mean + SD age of disease onset was 35.5 + 21.61 years and the
median was 27.5 years. Each patient in this study had lesions on scalp and nails. The
mean + SD and median numbers of disease duration were 8.77 + 9.75 years, and 6.5
years with a range from 0.08 to 22 years. Family history of psoriasis with first-degree
relative was found in two patients (50%). The underlying diseases of all subjects are

shown in Table 9.5.






Table 4.5 Baseline characteristics for each psoriasis patient (group M)

Case Sex Age Skin BMI  Smoking Alcohol Age of Duration of FH of Duration of Underlying
type drinking onset (y) disease (y) psoriasis MTX (w) disease
1 M 54 \Y 22.4 Yes Yes 32 22 Yes 10 Type 2 DM
2 F 20 i 43.1 No No 20 0.083 Yes 10 None
3 M 70 1 26.3 No No 3 3 No 8 BPH
4 M 48 v 28.6 Yes No 10 10 No 9 None

y, years; w, weeks; BMI, body mass index; DM, diabetes mellitus; BPH, benign prostatic hypertrophy

Table 4.6 PASI scores and IL-33 mRNA levels for each psoriasis patient (group M)

Case PASI score mRNA IL-33 (copies/LLI)
Baseline After MTX Baseline After MTX
1 26.3 6 1 0
2 10.2 22 6 0
3 15.3 3.6 0.3 0.64
4 10.6 24 30 1







Table 4.7 Analyzed baseline characteristics (group M)

Group M (n=4)

Mean + SD Median (Min,
Max)
Frequency (%)

Age (years)

Sex
Female
Male
Skin type
Il
v
BMI
Smoking
Alcohol

Age of onset
Duration (years)
Lesion on scalp
Lesion on nails
Family history of psoriasis
Duration of treatment (weeks)
Underlying disease
None
Benign prostate gland hyperplasia

Type Il Diabetes mellitus

48 + 20.85 51 (20, 70)
1 (25%)
3 (75%)

2 (50%)
2 (50%)
30.05 + 9.09
2 (50%)

1 (25%)
35.5 + 21.61
8.77 £ 9.75

4 (100%)
4 (100%)

2 (50%)

9.25 + 0.96

27.45 (22.2, 43.1)

27.5 (20, 67)
6.5 (0.08, 22)

9.5 (8, 10)

2 (50%)
1 (25%)
1 (25%)

Values presented as frequency (%), Mean + SD, and Median (Min, Max).

BMI, body mass index



4.2.2 Clinical response and PASI score
After treatment with MTX, all patients (100%) achieved improvement

with 75% reduction in PASI score.
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Figure 4.4 Serial changes in PASI scores before and after MTX treatment

The median PASI score at baseline was 12.95 with an interquartile
range between 10.4 and 20.8.

The median PASI score after MTX treatment was 3 with an
interquartile range between 2.3 and 4.8.

The results obtained from data analysis revealed that a Wilcoxon

signed-rank test showed a reduction in PASI score (p = 0.068).



4.2.3 Baseline and after treatment analysis of IL-33 mRNA levels
After treatment with MTX, 3 of 4 pateints (75%) achieved
downregulated mRNA level of IL-33.
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Figure 4.5 Serial changes in IL-33 mRNA levels before and after MTX treatment

The median IL-33 mRNA level at baseline was 3.5 copies/LLl with an
interquartile range between 0.65 and 18.

The median IL-33 mRNA level after MTX treatment was 0.32
copies/Al with an interquartile range between 0 and 0.82.

The results obtained from data analysis revealed that a Wilcoxon

signed-rank test showed a reduction in mMRNA level of IL-33 (p = 0.144).
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Figure 4.6 Comparison of PASI score (upper) and IL-33 mRNA levels (lower) at
baseline and after MTX treatment in psoriasis patients. Horizontal bars represent the

median.

Table 4.8 Baseline and after treatment analysis (group M).

Median (IQR) and p-value of Wilcoxon signed ranks test (n=4)

At baseline After MTX treatment p-value
PASI score 12.95 (10.4, 20.8) 3 (2.3, 4.8) 0.068
IL-33 expression 3.5 (0.65, 18) 0.32 (0, 0.82) 0.144

(copies/Ll)
Values presented as median (IQR). p-value corresponds Wilcoxon signed ranks test.




4.3 Group NBUVB and Methotrexate (group N+M)
4.3.1 Baseline characteristics

Eight patients, seven males (87.5%) and one female (12.5%), who
had been diagnosed with plaque type psoriasis with PASI score >10 were included in
this study. None of the subject in this study showed evidence of treatment
contraindication.

The mean + SD age of subjects was 50.88 + 16.81 years and the
median age was 55 years. The mean + SD and median number of body mass index
(BMI) was 28.6 + 6.36 and 27.45. Four patients (50%) had Fitzpatrick skin type Ill and
other halves (50%) had Fitzpatrick skin type IV. Smoking history was found in two
patients (25%) and alcohol-drinking history was found in three patients (37.5%).

The mean + SD age of onset was 39.75 + 19.66 years and the
median was 35 years. Each patient in this study had lesions on scalp and nails. The
mean + SD and median numbers of disease duration were 9.26 + 8.31 years, and 7
years with a range from 0.08 to 22 years. Family history of psoriasis with first-degree
relative was found in four patients (50%). The underlying diseases of all subjects are

shown in Table 4.9.



Table 4.9 Baseline characteristics for each psoriasis patient (group N+M)

Case Sex Age Skin BMI  Smoking Alcohol Age of Duration of FH of Duration of Underlying
type drinking  onset (y) disease (y)  psoriasis treatment (w) disease
1 M 68 IV 244 No No 66 2 No 8 Type 2 DM
2 M 56 ] 25.8 No Yes 52 4 No 9 HT
3 M 34 ] 29.7 No No 20 14 Yes 9 None
4 M 57 v 287 No Yes 38 19 Yes 11 Type 2 DM,
HT, DLP
5 M 54 v 22.4 Yes Yes 32 22 Yes 10 Type 2 DM
6 F 20 Il 43.1 No No 20 0.083 Yes 10 None
7 M 70 M 26.3 No No 3 3 No 8 BPH
8 M 48 v 28.6 Yes No 10 10 No 9 None

y, years; w, weeks; BMI, body mass index; DM, diabetes mellitus; HT, hypertension; DLP, dyslipidemia; BPH, benign prostatic- gland
hypertrophy




Table 4.10 Analyzed Baseline characteristics (group N+M)

Group N+M (n=8)

Mean + SD
Max)
Frequency (%)

Age (years)

Sex
Female
Male
Skin type
Il
v
BMI
Smoking
Alcohol

Age of onset
Duration (years)
Lesion on scalp
Lesion on nails

Family history of psoriasis
Duration of treatment (weeks)
Underlying disease

None
Hypertension
Type |l diabetes mellitus
Dyslipidemia
Benign prostate gland

hyperplasia

50.88 * 16.81

1 (12.5%)
7 (87.5%)

4 (50%)

4 (50%)
28.6 + 6.36
2 (25%)

3 (37.5%)
39.75 + 19.66
9.26 + 8.31
8 (100%)

8 (100%)

4 (50%)

9.25 + 1.04 9 (8, 11)

3 (37.5%)
1 (12.5%)
2 (25%)
1 (12.5%)
1 (12.5)

Values presented as frequency (%), Mean + SD, and Median (Min, Max).

BMI, body mass index

Median (Min,

55 (20, 70)

27.45 (22.2, 43.1)

35 (20, 67)
7 (0.08, 22)



4.3.2 Clinical response and PASI score
The median PASI score at baseline was 14.9 with an interquartile
range between 12.45 and 19.65. A skewed right distribution is shown in the histogram.
(Figure 4.7)
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Figure 4.7 Histogram shows PASI score at baseline (group N+M)

The median PASI score after NBUVB and methotrexate treatments
was 2.3 with an interquartile range between 1.6 and 3.15. A skewed right distribution is

shown in the histogram. (Figure 4.8)
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Figure 4.8 Histogram shows PASI score after treatment (group N+M)
After NUVB and methotrexate treatments, all patients (100%)
achieved improvement with 75% reduction in PASI score.
The results obtained from data analysis revealed that a Wilcoxon

signed-rank test showed a significant reduction in PASI score (p = 0.012%).
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Figure 4.9 Serial changes in PASI scores before and after treatment



4.3.3 Baseline and after treatment analysis of IL-33 mRNA levels

The median IL-33 mRNA level at baseline was 9.4 copies/LL with an
interquartile range between 1.1 and 22.25. A skewed right distribution is shown in the

histogram. (Figure 4.10)
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Figure 4.10 Histogram shows IL-33 mRNA levels at baseline (group N+M)

The median IL-33 mRNA level after NBUVB and methotrexate

treatments was 0.82 copies/[l with an interquartile range between 0.2 and 2.15. A

skewed right distribution is shown in the histogram. (Figure 4.11)
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Figure 4.11 Histogram shows IL-33 mRNA after treatment (group N+M)
After NUVB and methotrexate treatments, 6 of 8 patients (75%)
achieved downregulated mRNA level of IL-33. The median mRNA level of IL-33 was

reduced after treatment compared to before treatment (9.4 copies/ll, 01.1-22.25 vs.

0.82 copies/|l, 0.2-2.15).
The results obtained from data analysis revealed that a Wilcoxon

signed-rank test showed a reduction in mRNA level of IL-33 (p = 0.049%).
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Figure 4.12 Serial changes in IL-33 mRNA levels before and after treatment
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Figure 4.13 Comparison of PASI scores (upper) and IL-33 mRNA levels (lower) at

baseline and after NBUVB and methotrexate treatment in psoriasis patients. Horizontal

bars represent the median.

Table 4.11 Baseline and after treatment analysis (group N+M).

T
After treatment

Median (IQR) and p-value of Wilcoxon signed ranks test (n=8)

At baseline

After treatment

PASI score 14.9 (12.45, 19.65)

2.3 (1.6, 3.15)




IL-33 expression 9.4 (1.1, 22.25) 00.82 (0.2, 2.15) 0.049*

(copies/|U)

Values presented as median (IQR). p-value corresponds Wilcoxon signed ranks test.



5. Discussion

5.1 Discussion

IL-33 was first described as an inflammatory cytokine that mediate Th2-
associated disease (29). It is a newly discovered member of the IL-1 cytokine family
that is expressed by mainly in the nucleus of cells with barrier function, such as
endothelial cells and epithelial cell (31, 131). Many recent studies have proposed that
IL-33 is a novel ‘alarmin’ that, by meaning, activates multiple cells, including T helper
cells, mast cells, NK and NKT cells, eosinophils, basophils, and dendritic cells and has
varied contribution to pathophysiology of several inflammation and diseases.

Firstly, IL-33 was considered that it might be secreted from the nucleus of
the necrosis-mediated or apoptosis cells. Then, Kakkar et al. (132) studies showed that
IL-33 could be transferred from nucleus to cytoplasm using the nuclear pore complex
and it exists in membrane-bound cytoplasmic vesicles. This described function of IL-33
as a mechanically cytokine secreted by living cells. Nevertheless, the exact role of IL-33
remains unclear. IL-33 seems to be a cytokine with dual function, acting both as an
intracellular nuclear factor with transcriptional regulatory abilities and as a traditional
cytokine via activation of the ST2L receptor complex.

Interestingly, its expression is increased following varies pro-inflammatory
stimulation, such as TNF-QL, IFN-Y, and IL-17, which have participated in complicated

immunopathogenetic of psoriasis. Balato et al. (42) have studied that TNF-OL could

stimulate the secretion of IL-33 from immortalized keratinocytes. This was supported by

other study (43) that TNF-OU and IL-17 was able to upregulate almost all IL-1 family

members, including IL-33, in ex vivo healthy skin organ culture. Moreover, Meephansan

et al. (40) showed similarly evidence that IL-33 expression may be regulated by IFN-Y
in a dose- and time-dependent manner.

Psoriasis is a Th1- and Th17-mediated inflammatory skin disease, which is
characterized by marked infiltration of T cells, dendritic cells, macrophages and
neutrophils in psoriatic skin. Several mediators can trigger dendritic cells through
keratinocyte stress or directly activate via pattern recognition receptors. Cell stress can

both induce and release intracellular endogenous factors or ‘damage-associated



molecular pattern (DAMPs)’ to extracellular environment and generate inflammation. IL-
33 is one of DAMPs. From our reviews literatures, skin tissues contain a high level of
IL-33 mRNA expression compared to other tissues and cell types (29).

Intriguingly, it has been found to be strongly expressed and noticeably
higher in the nuclei of keratinocytes in psoriatic skin lesions compared with healthy skin,
lichen planus which is Th1-associated disease, and atopic dermatitis which is Th2-
associated inflammation (19, 40). Therefore, it has been proposed to represent a novel
marker of psoriasis, comparative to other inflammatory skin disorders. Moreover, recent
studies revealed that epidermal IL-33 expression associates with Koebner reactions,
and it may be released to induce mast cells in psoriasis biology.

UVB phototherapy has been commonly used to treat moderate to severe
psoriasis with satisfactory response. Interestingly, Byrne et al. (44) and Meephansan et
al. (45) have been demonstrated that UVB irradiation of epidermal keratinocytes
resulted in a significant upregulate in IL-33 expression in vivo. Balato et al. (43) recently
reported that IL-1 family members, including IL-33, are involved in UVB-induced pro-
inflammatory pathway. Thus, this is the interested feature of NBUVB that we aim to
investigate whether NBUVB phototherapy has an effect on the expression of IL-33 in
affected psoriatic skin.

In this study, we have demonstrated for the first time that IL-33 mRNA are
expressed in psoriatic lesional skin in vivo before and after treatment with NBUVB
phototherapy. These expressed IL-33 mRNA levels were decreased after NBUVB
therapy in psoriasis patients, which suggests that IL-33 expression associates with
NBUVB radiation as well as improvement of the disease. Base on the result, we
considered the discussion in two aspects.

Firstly, this outcome, the decreased IL-33 mRNA levels after treatment,
raises the possibility of its involvement in pro-inflammatory role as a cytokine in
psoriasis. Balato et al. (42) have revealed that IL-33 was visible in psoriatic keratinocyte
nucleus, cytoplasm, and in the junctions between keratinocytes. It showed same results
in primary keratinocytes and ex vivo skin organ culture, confirming that it was secreted
by immortalized psoriatic keratinocytes. Suttle et al. (49) also reported the decrease in
IL-33 immunostaining biopsies in the Koebner-positive psoriasis patients, which can

reflex the release of IL-33 after skin injury by tape-stripping. Our results agree with



those previous studies showing that IL-33 mRNA were reduced, although not significant,

after treatment with TNF-QU inhibitors in plaque psoriasis patients (51). Furthermore,
most recently studies by Mitsui et al. (15) indicate that IL-33 is a general indicator for

inflammation in psoriasis. They have investigated that serum IL-33 levels are
significantly elevated in patients with psoriasis, particularly correlated with serum TNF-QU

levels, and these serum IL-33 were reduced after anti-TNF-OU treatment. These can
support our results in extracellular role of IL-33 as an inflammatory cytokine.
Secondly, as we have known that psoriasis is a complicated immune-

mediated inflammatory disorder. Pro-inflammatory, Th1 and Th17 cytokines and

chemokines such as TNF-OL and IFN-Y are key cytokines in development of disease
(53, 54), and also are found to be involved in production of IL-33 in keratinocytes (40,
42, 50). According to the immunosuppressive effects of NBUVB phototherapy in treating
psoriasis, we may assume that the suppression of these pro-inflammatory cytokines
effect levels of IL-33 mRNA. NBUVB therapy might not directly decrease the IL-33
expression in psoriatic skin. Further studies with this aspect are needed.

Interestingly, the study outcome shows a contrast with our hypothesis,
which proposed whether the increasing of IL-33 expression might be observed in
keratinocyte after NUVB phototherapy in psoriasis patients. It also differences with prior
studies by Byrne et al. (44) and Meephansan et al. (45), which are reported the
elevation of IL-33 expression after UVB exposure in the human skin sample ex vivo or
cultured normal human epidermal keratinocytes (NHEKS), respectively. In current study,
we selectively investigated an effect of NUVB exposure in keratinocytes of plaque
psoriasis patients. Thus, it is an in vivo study. The discrepancy between those previous
studies might be due to the different experimental models.

In the other hand, UVB radiation probably increases the production of IL-33
in psoriatic keratinocytes. But, its therapeutic effects cause a depletion of varies cell
populations that are involved in psoriasis immunopathogenesis, including epidermal and
dermal T cells, dendritic cells, and macrophages. Reduced levels of inflammatory
cytokines such as TNF-QL, IFN-Y, as well as IL-17 could be the consequence of an anti-
inflammatory effect of phototherapy on varieties of cells. As this concern, a similar

inhibitory cascade could also occur in a production of IL-33.



In summary, we cannot conclude the exact function of newly cytokine, but
this present study could presents evidence for a novel alarmin, IL-33, in plaque-type
psoriasis through NBUVB radiation and improvement of disease. IL-33 mRNA levels are
decreased after NBUVB therapy. Our findings can imply that the production of IL-33
generally associates with inflammatory skin of psoriasis, and this cytokine could be
regulated by anti-inflammatory treatment. In this end, our present study may partly
explain a doubful role of IL-33 cytokine in psoriasis and might be opened aspect for
more investigation in the future. A limitation of this study is that the number of psoriasis
patients was very small due to the limited period of time. Secondly, we did not detect a
serum protein level, as well as immunohistochemical staining of IL-33, which may
provide a better understanding of IL-33 expression. Further studies with larger number
of subjects and IL-33 protien level as well as immunohitochemistry should be performed

to validate those possible roles of this cytokine in psoriasis.

5.2 Effect of methotrexate to IL-33 expression in psoriasis

According to one of study limitations, the sample size of NBUVB-treated
group is not large. We also observed the effect of methotrexate (MTX) to IL-33
expression in keratinocyte in psoriasis patients. After methotrexate treatment, IL-33
mRNA expression were decreased in psoriatic lesional skin biopsy compared to
baseline. It may imply that downregulated IL-33 expression associates with
improvement of the disease due to methotrexate therapy. Therefore, we considered
reporting this outcome, which is shown in the previous chapter (group M), and
discussing the association between IL-33 expression and psoriatic treatment modalities.

Methotrexate is considered as an effective and successful therapy and
remains widely used immunosuppressive agent for treating moderate to severe
psoriasis. A therapeutic mechanism of MTX in psoriasis is both anti-inflammatory and
anti-proliferative properties. This drug can reduce keratinocyte proliferation by acting as
folate antagonist. The diminution in pyrimidine, purines, and methylation of DNA is a
result of its action (57). In addition, MTX acts on the adenosine metabolism and causes
the release of adenosine from damaged cells by the inhibition of 5-aminoimidazole-4-

carbonxamidoribonucleotide (AICAR) transformylase. Adenosine, an endogenous purine



nucleoside, is an immunosuppressive mediator that inhibits PMNs adhesion molecules,

macrophage-induced TNF-QOL, and lymphocytes proliferation (58).

Other immunosuppressive effects of MTX include the inhibition of
proinflammatory cytokines, suppression of T and B lymphocytes, and downregulation of
chemotaxis of monocytes and neutrophils. Moreover, this drug stimulates keratinocyte
apoptosis and reduces DNA synthesis (59, 60). Due to the complicated pathogenesis of
psoriasis, the dysregulated immunity may be a target for antipsoriatic effect of drug.
From recent study, Meephansan et al. (61) reveled that MTX reduces serum levels of
interleukin-22, an important cytokine that stimulates keratinocyte proliferation and skin
inflammation in psoriasis.

In our study, we found the IL-33 mRNA expression on lesional plaque of
psoriasis patients. These mRNA levels of IL-33 were decreased after treatment with
methotrexate, which proposes that IL-33 cytokine associates with methotrexate together

with the disease improvement. This may be due to downregulation of inflammatory

cytokines like TNF-CL and IFN-Y by MTX (62), which are involved in IL-33 production.
Another possible mechanism is that methotrexate has anti-mitotic action on psoriatic
skin and apoptotic effect in keratinocytes, which are found to be potential source of IL-
33 cytokine. Owning to the reduced IL-22 serum levels, MTX inhibits epidermal
hyperproliferation in psoriasis, which may indirectly affect to IL-33 cytokine production
from keratinocytes. In conclusion, this shows evidence for IL-33 in psoriasis through its
therapies, NBUVB and methotrexate, and improvement of disease. These can support
that the expression of IL-33 in psoriasis could be regulated through anti-inflammatory
and immunomodulatory properties of treatments. Further study will help understand the

mechanisms of release, induction, regulation and effect of this newly cytokine.



6. Conclusions

IL-33 is a newly cytokine of IL-1 family. It is a dual function protein that
works as a cytokine and nuclear factor. IL-33 is strongly expressed in the nucleus of
keratinocytes of psoriasis, which is considered as a Th-1 and Th-17 mediated
inflammation. The role of IL-33 in psoriasis has not been clearly elucidated. The
narrowband ultraviolet B (NBUVB) radiation is a phototherapy that has wide-ranging
immunosuppressive potentials via different mechanisms. UVB has been used to treat
psoriasis with satisfactory response. A therapeutic mechanism of MTX in psoriasis is
both anti-inflammatory and anti-proliferative properties.

In this thesis, we studied IL-33 expression before and after treatment with
narrowband UVB or methotrexate. Eight patients with moderate to severe psoriasis
were given treatment until the PASI75 was achieved or up to 12 weeks of treatment.
The tissue samples were collected from lesional skin. The expression of IL-33 mRNA in
keratinocytes is shown a droplet digital polymerase chain reaction (ddPCR). All of
patient achieved a 75% PASI score reduction. IL-33 mRNA levels of 6 patients (75%)
were downregulated after treatment with NBUVB or methotrexate.

In conclusion, we expected that the expression of IL-33 in the nucleus of
keratinocytes in psoriasis after treatment would probably suggest the regulation and
function of IL-33 in psoriasis. The biology of IL-33 is complex. Its production seems
particularly associates with inflammatory skin of psoriasis, and this cytokine may be

regulated by anti-inflammatory treatment including NBUVB phototherapy.

7. Recommendations

- Further studies with a larger number of subjects in order to obtain the
stronger power of studies and to clarify the possible mechanisms of IL-33 in psoriasis

- Further studies with immunohistochemical studies to achieve further
evidence of IL-33 expression in psoriatic keratinocytes.

- Further studies with the IL-33 protein expression to provide the potential
function of [IL-33 cytokine, according to its complexity and unclearly biologic

mechanisms.
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9. Appendices

APPENDIX A
PASI SCORE ASSESSMENT

Table A1 Formula for PASI score calculation

Score 0 1 2 3 4 5 6

Erythema

Induration None Slight | Moderate | Severe Very

Scaling severe

Area (%) 0 1-9 10-29 30-49 50-69 | 70-89 | 90-100

Head (H) 0.1
Upper limbs (UL) 0.2

Trunk (T) 0.3
Lower limbs (LL) 04

PASI score = Total (H) + Total (UL) + Total (T) + Total (LL)

Total (H) = 0.1 x[E(H) +I(H) +S(H)]  xArea
Total (UL) = 0.2x[E(UL) +I(UL) +S(UL)]  xArea
Total (T) = 0.3x[E(T) +IT) +S(T)]  xArea
Total (LL) = 04 x [E(LL) +I(LL) +S(LL)]  xArea
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APPENDIX C
PATIENT PICTURES

Baseline

2nd month

Figure C1 Pictures of case 1



Baseline 1St month

2nd month

Figure C2 Pictures of case 2



Baseline

1St month

2nd month

Figure C3 Pictures of case 3
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Figure C4 Pictures of case 4
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APPENDIX D
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Scientific Program

Day 1: Mon 1° February 2016

7.30-8.30 Registration
8.30-9.00 Mayfair Grand Ballroom (A+B+C Merged Room)
Opening Ceremony
- Prof. Piyasakol Sakolsatayadorn, Minister of Public Health Thailand
- Prof. Kesara Na-Bangchang, The President of Pharmacological and Therapeutics Society of Thailand
- Prof. Samuel HH Chan, The President of Asia Pacific Federation of Pharmacologists
9.00-9.45 Plenary session 1
“Move Pharmacogenomics Discovery to Medical Practice”
Prof. Yuan-Tsong Chen, Academia Sinica, Taiwan & Duke Medical Center, USA
9.45-10.00 Coffee Break
10.00-12.00 Mayfair Ballroom A Mayfair Ballroom B Mayfair Ballroom C

Session 1A: Role of

Pharmacogenomics in Drug Efficacy

and Safety

Chair: Prof. Amnuay Thithapandha,
Mahidol University, Thailand
Co-chair: Prof. Wichittra

Tassaneeyakul, Faculty of Medicine,

Khon Kaen University, Thailand

Speakers:

1. “Pharmacogenomics for the
Clinical Implementation in
Korea”

Prof. Jae-Gook Shin, Inje
University, Busan, Republic of
Korea

2. “Pharmacogenomics Guided
Treatment in Clinical Practice:
Experience in Thailand”
Assoc. Prof. Chonlaphat
Sukasem, Mahidol University,
Thailand

3. “Pharmacogenomics of
Antiepileptics: In Search of
Genetic Biomarkers for Drug
Responsiveness”

Prof. Zahurin Mohamed,
University of Malaya, Malaysia

Session 1B: Neuropharmacology

Chair: Prof. Jong-Keun Kim,

Chonnam National University

Medical School, Republic of Korea

Co-chair: Prof. Masayoshi

Mishina, Ritsumeikan University,

Japan

Speakers:

1. “From Synapse Pharmacology
to Mental Health”
Prof. Masayoshi Mishina,
Ritsumeikan University, Japan

2. “Excitatory Projection from
Entorhinal Cortex to
Hippocampus Instructs the
Anti-epileptic Effect of Low-
frequency Stimulation in
Temporal Lobe Epilepsy”
Prof. Zhong Chen, Zhejiang
University, China

3. “Effect of Ethanol and
Acetaldehyde on Human
Psychomotor Function,
Physiological Response and
Alcohol Dependence”
Prof. Jong-Keun Kim, Chonnam
National University Medical
School, Republic of Korea

Session 1C: Novel Molecular

Targets for Cancer Therapy and
Diagnosis

Chair: Prof. Wen-Chang Chang,
Taipei Medical University, Taiwan
Co-Chair: Prof. Apiwat
Mutirangura, Chulalongkorn
University, Thailand

Speakers:

1. “Inhibition of Lung
Tumorigenesis by Targeting
Transcription Factor Sp1”
Prof. Wen-Chang Chang, Taipei
Medical University, Taiwan

2. “The Role of Epigenetic
Regulation on Repetitive
Sequences in Cancer
Development”

Prof. Apiwat Mutirangura,
Chulalongkorn University,
Thailand

3. “Anti-tumor Effect of
Ganoderma lucidum
Polysaccharide Peptide
Mediated by Immunological
Mechanism”

Prof. Zhi-Bin Lin, Peking
University Health Science
Center, China

15-3" Feb 2016 Bangkok, Thailand
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10.00-12.00 Mayfair Ballroom A Mayfair Ballroom B Mayfair Ballroom C
(cont.) Session 1A: Role of Session 1B: Neuropharmacology | Session 1C: Novel Molecular
Pharmacogenomics in Drug Efficacy Targets for Cancer Therapy and
and Safety Diagnosis
4. “Caveolin as a Target for
Cancer Therapy”
Assoc. Prof. Pithi
Chanvorachote, Chulalongkorn
University, Thailand
12.00-13.00 Mayfair Grand Ballroom (A+B+C Merged Room)
“Development of herbal medicine from bench to shelf”
Speaker: Dr. Tzung Hsien Lai, Institute of Pharmaceutics, Development Center for Biotechnology, Taiwan
Modulator: Dr. Nares Damrongchai, TCELS, Thailand
13.00-13.45 Plenary Session 2
“Roles of Melatonin in Controlling Alzheimer’s Disease”
Prof. Piyarat Govitrapong, Mahidol University, Thailand
13.45-15.30 e Poster Presentation (Session 1)
e Coffee Break/ Booth
15.30-17.00 Mayfair Ballroom A Mayfair Ballroom B Mayfair Ballroom C
Session 2A: Metabolomics and Session 2B: Novel Session 2C: Cholangiocarcinoma
Advanced Medicine Pharmacotherapy for HIV and Its Clinical Implications
Chair: Prof. Amnuay Thithapandha, | Chair: Prof. Kiat Ruxrungtham, Chair: Prof. Veerapol
Mahidol University, Thailand Chulalongkorn University, Kukongviriyapan, Khon Kaen
Co-chair: Asst. Prof. Nipan Israsena Thailand University, Thailand
Na Ayuthaya, Chulalongkorn Co-Chair: Dr. Timothy R. Cressey, | Co-Chair: Prof. Bin Tean Teh,
University, Thailand Programmed for HIV prevention National Cancer Centre,
and treatment, Thailand Singapore
Speakers: Speakers: Speakers:
1. “Metabolomics in the Study of 1. “Novel Anti-HIV Medicine” 1. “Liver Fluke and
Cancer Mechanisms and Prof. Kiat Ruxrungtham, Cholangiocarcinoma in
Diagnosis” Chulalongkorn University, Thailand”
Dr. Frank Gonzalez, National Thailand Assoc. Prof. Chawalit
Cancer Institute, National 2. “Antiretroviral Therapy for Pairojkul, Khon Kaen
Institute of Health, USA HIV Infection in Adults and University, Thailand
2. “Personalized Medicine for Adolescents: 2. “Genetic Landscape of
Neurodegenerative Diseases” Recommendations for a Cholangiocarcinoma and Its
Asst. Prof. Nipan Israsena Na Public Health Approach” Clinical Implication”
Ayuthaya, Chulalongkorn Prof. Somnuek Prof. Bin Tean Teh, National
University, Thailand Sungkanuparph, Cancer Centre, Singapore
3. “Impact of Sigma-1 Receptor in Ramathibodi Hospital, 3. “Targeting of Aberrant
Amyotrophic Lateral Sclerosis Mahidol University, Thailand Antioxidant Gene Expression
Therapy” 3. “Application of as a Therapeutic Strategy
Prof.Kohji Fukunaga, Tohoku Pharmacokinetics for Against
University, Japan Optimizing Antiretroviral Cholangiocarcinoma”
Therapy and Drug-Drug Prof. Veerapol
Interactions” Kukongviriyapan, Khon Kaen
Dr. Timothy R. Cressey, University, Thailand
Harvard School of Public
Health/ Programmed for HIV
Prevention and Treatment,
Thailand
18.30-20.30 Welcome reception (drink and light snack, free for all participants)

15-3" Feb 2016 Bangkok, Thailand
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Day 2: Tue 2" February 2016

7.45-8.30 Mayfair Grand Ballroom (A+B+C Merged Room)
Early Bird Lecture supported by Elsevier Publishing
“How to Write Scientific Paper for Successful Submission to High Impact Factor Journals ”
Prof. Rob Verpoorte, Editor in chief, Journal of Ethnopharmacology
8.30-9.15 Plenary session 3
“Discovery of New Drug Targets for Inflammatory Diseases: Endogenous Modulators of Pro-resolving
Signaling"
Prof. Young-Joon Surh, Seoul National University, Republic of Korea
9.15-10.15 Coffee Break/ Booth
10.15-12.00 Mayfair Ballroom A Mayfair Ballroom B Mayfair Ballroom C
Session 3A: Signaling and Session 3B: Advance in Session 3C: Models in Drug
Transporters Xenobiotic Metabolism Discovery & Development
Chair: Prof. Shuh Narumiya, Kyoto Chair: Prof. John Miners, Flinder Chair: Prof. Kazuhisa Sekimizu,
University, Japan University, Australia University of
Co-chair: Prof. Naohiko Anzai, Chiba | Co-Chair: Prof. Wichittra Tokyo, Japan
University, Japan Tassaneeyakul, Khon Kaen Co-Chair: Dr. Joel Tarning, Mahidol
University, Thailand University, Thailand
Speakers: Speakers: Speakers:
1. “Prostaglandin Receptor and 1. “Inhibition of Human UDP- 1. “Silkworm Model for Drug
Signaling as Potential Drug glucuronosyl-Transferase Discovery and Drug
Targets” Enzymes: Implications for Development”
Prof. Shuh Narumiya, Kyoto Drug-drug and Drug- Prof. Kazuhisa Sekimizu,
University, Japan endobiotic Interactions” University of Tokyo, Japan
2. “Manipulating Calcium Signals Prof. John Miners, Flinders 2. “Population Pharmacokinetic-
to Cope with Neurodegenerative University, Pharmacodynamic Modeling
Diseases” Australia in Tropical Medicine
Prof. Masamitsu lino, University 2. “Metabolic Activation of Research”
of Tokyo, Japan Xenobiotics by Polymorphic Assoc. Prof. Joel Tarning,
3. “Renal Tubular Urate Drug-metabolizing Enzymes” Mahidol University, Thailand
Transporters as Targets for New Prof. Hiroshi Yamazaki, 3. “Nanotechnology Application
Drug Discovery and Showa Pharmaceutical in Pharmacology”
Development” University, Japan Asst. Prof. Amornpun
Prof. Naohiko Anzai, Chiba 3. “In Vitro Approaches for Sereemaspun, Chulalongkorn
University, Japan Drug Metabolism Studies — University, Thailand
Focus On Cytochromes P450”
Assoc. Prof. Ong Chin Eng,
Monash University, Malaysia
12.00-13.00

Mayfair Ballroom A Mayfair Ballroom B

Luncheon Symposium supported
by Takeda Thailand
“Pharmacological actions Based
Upon Its Pathophysiology”
Speaker: Assoc. Prof. Dr. Naeti
Suksomboon, Mahidol University,
Thailand
Modulator: Assoc. Prof. Dr.
Srichan Phornchirasilp, Mahidol
University, Thailand

Mayfair Ballroom C

Luncheon Symposium supported by
Thai-Otsuka Co., Ltd.
“Consideration for Interchangeability

of Psychiatric Drugs”

Speaker: Asst. Prof. Dr. Julraht Konsil,
Khon Kaen University, Thailand
Modulator: Dr. Nipatt
Karnjanathanalers, Chulalongkorn
University, Thailand

Luncheon Symposium supported
by Sanofi Pasteur Thailand

“New perspectives in dengue
prevention: Results from phase lll
dengue vaccine efficacy studies in
Asia and Latin America”
Speaker: Prof. Usa Thisyakorn,
Chulalongkorn University, Thailand
Modulator: Assoc Prof. Dr. Supatra
Srichairat, Eastern Asia University,
Thailand
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13.00-13.45 Mayfair Grand Ballroom (A+B+C Merged Room)
Plenary session 4
“Drug Discovery from Traditional Chinese Medicine: The Effect of Salvianolic acid A on Metabolic
Syndrome”
Prof. Guanhua Du, Institute of Materia Medica, Chinese Academy of Medical Sciences & Peking Union Medical
College, China
13.45-15.30 Mayfair Ballroom A Mayfair Ballroom B Mayfair Ballroom C
Session 4A: Drug Discovery & Session 4B: Antioxidants and Session 4C: CVS and Endocrine
Development in Infectious Diseases | Oxidative Stress Disorders Pharmacology
Chair: Prof. Stephen A. Ward, Chair: Prof. Samuel Chan, Chung Chair: Prof. Nipon Chattipakorn,
Liverpool School of Tropical Gung Memorial Hospital, Taiwan | Chiang Mai University, Thailand
Medicine, UK Co-Chair: Assoc. Prof. Supornchai | Co-Chair: Prof. Yasufumi Sato,
Co-chair: Prof. Kesara Na- Kongpatanakul, Mahidol Tohoku University, Japan
Bangchang, Thummasat University, University, Thailand
Thailand
Speakers: Speakers: Speakers:
1. “The Importance of Academiain | 1. “The Role of Oxidative Stress | 1. “A Novel Link between
the Discovery and Development in Developmental Inhibition of Angiogenesis
of Antiparasitic Drugs” Programming of and Tolerance to Vascular
Prof. Stephen A. Ward, Liverpool Hypertension” Stress”
School of Tropical Medicine, UK Prof. Julie YH Chan, Chang Prof. Yasufumi Sato, Tohoku
2. “Medicinal Chemistry of Gung Memorial Hospital, University, Japan
Tetraoxane-based Antimalarials; Taiwan 2. “Adipokines as Novel
Towards a Drug Candidate that 2. “Vitamin E Isoform y- Therapeutic Targets for
Circumvents K13-dependent Tocotrienol Protects Against Vascular Disease”
Artemisinin Resistance” Obstructive Airway Prof. Chao-Yu Miao, Second
Prof. Paul Michael O’Neill, Diseases” Military Medical University,
University of Liverpool, UK Assoc. Prof. Wong Wai-Shiu China
3. “Preventive Chemotherapy for Fred, National University of 3. “Angel and Demon Effects of
Neglected Tropical Diseases: Singapore, Singapore Antidiabetic Drugs on the
Opportunities and Challenges” 3. “Paeonol Protects Against Heart in Metabolic
Dr. Vicente Belizario, University Tunicamycin Induced Syndrome”
of the Philippines, Philippines Endothelial Dysfunction in Prof. Nipon Chattipakorn,
Mice by Inhibition of Chiang Mai University,
Oxidative Stress” Thailand
Prof. Mohd Rais Mustafa,
University of Malaysia,
Malaysia
15.30-17.00 e Poster Presentation (Sesssion 2)
e Coffee Break /Booth
17.00-21.30 Welcome dinner (Siam Niramit) — Additional price

15-3" Feb 2016 Bangkok, Thailand
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Day 3: Wed 3" February 2016

8.30-10.00 Mayfair Ballroom A Mayfair Ballroom B Mayfair Ballroom C
Session 5A: Drug toxicity: Prediction Session 5B: Controlling Session 5C: Standards &
and Mechanism Exacerbation of Chronic Regulation in Drug Discovery &
Respiratory Disease: Current and | Development: Good Clinical
Innovative Approaches Practice & Ethics
Chair: Prof. Tsuyoshi Yokoi, Nagoya Chair: Prof. Alastair Stewart, Chair: Prof. Juntra Karbwang,
University, Japan University of Melbourne, Nagasaki University, Japan
Co-Chair: Prof. Veerapol Australia Co-chair: Assoc. Prof. Supeecha
Kukogviriyapan, Khon Kaen University, | Co-Chair: Assoc. Prof. Judith CW Wittayalertpanya, Chulalongkorn
Thailand Mak, Hong Kong SAR, China University, Thailand
Speakers: Speakers: Speakers:
1. “Approaches to Predict Drug- 1. “Controlling Exacerbation of 1. “GCP & Ethics in Clinical
induced Liver Injury” Chronic Respiratory Disease: Research: Academia’s
Prof. Tsuyoshi Yokoi, Nagoya Mechanisms and Targets” Perspective”
University, Japan Prof. Alastair Stewart, Prof. Chitr Sitthi-Amorn,
2. “Role of Xenobiotic-responsive University of Melbourne, Chulalongkorn University,
Nuclear Receptors in Australia Thailand
Hepatotoxicity” 2. “Airway Smooth Muscle 2. “GCP & Ethics in Clinical
Prof. Kouichi Yoshinari, University Contractility: Novel Drug Research: EC’s Perspective”
of Shizuoka, Japan Targets” Assoc. Prof. Thipaporn
3. “Predict Cardiac Toxicity by Using Asst. Prof. Thai Tran, National Tharavanij, Thammasat
Stem Cells Derived University of Singapore, University, Thailand
Cardiomyocytes” Singapore 3. “GCP & Ethics in Clinical
Dr. Jufeng Wang, National 3. “Mesenchymal Stem Cell Research: Sponsor’s
Institutes for Food Treatment in Chronic Perspective”
and Drug Control, China Obstructive Airway Disease” Dr. Pravich Tanyasittisuntorn
Assoc. Prof. Judith CW Mak, Medical Research Network of
University of Hong Kong, the Consortium of the Thai
Hong Kong SAR, China Medical Schools, Thailand
10.00-10.45 Coffee Break/ Booth

10.45-12:00 Mayfair Ballroom A Mayfair Ballroom B Mayfair Ballroom C
Oral Presentation Oral Presentation Oral Presentation
(0-01-0-04) (0-05-0-08) (0-09-0-013)
Chair: Assoc. Prof. Mayuree Tantisira, | Chair: Assoc. Prof. Adisak Chair: Assoc. Prof. Nathawut
Burapha University, Thailand Wongkajornsilp, Faculty of Sibmooh, Mahidol University,
Medicine Siriraj Hospital, Mahidol | Thailand
University, Thailand

0-01 Development BDNF 0-05 Possible Role of 0-09 Characterization of Bladder
Incorporated PLGA Nanoparticles and | Perivascular Adipose Tissue in Selectivity Based on in vivo Drug-
Evaluation Its Ability to Cross Blood- Resistant Mesenteric Artery of Receptor Binding of
Brain Barrier using an in vitro Model Spontaneously Hypertensive Rat | Antimuscarinic Agents for

Dr. Siti Norsyafika Kamarudin, Dr. Chin-Chen Wu, National Treatment of Overactive Bladder

Universiti Teknologi MARA, Malaysia Defence Medical Centre, Taiwan Dr. Shizuo Yamada, University
0-02 Cytotoxic Effect of Novel 1- 0-06 CUMS—induced Depression of Shizuoka, Japan
substituted 5-(phenyl)aminouracil Alter Saxagliptin 0-10 Hepatoprotective Activity
Derivatives as Potential Anti-dengue Pharmacokinetics in GK Rats and Metabolic Profile of the
Virus Agents on Vero 76 Cells Dr. Xu Feng, Shanghai Jiaotong | Anthocyanin rich Extract of

Dr. Noor Fahitah Abu Hanipah, University, China Hibiscus sabdariffa Calyces

Universiti Teknologi MARA, Malaysia Dr. Sayed H. Seif el-Din, Theodor

Bilharz Research Institute, Egypt
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10.45-12:00
(Cont)

12.00-13.00

Mayfair Ballroom A

Oral Presentation
(0-01-0-04)

0-03 Nitrosative Stress-induced
Defunct Baroreflex underpins High
Mortality in a Rat Model of Hepatic
Encephalopathy

Dr. Ching-Yi Tsai, Chang Gung

Memorial Hospital, Taiwan
0-04 Differential Alteration of
Sympathetic Norepinephrine
Transporter in Mesenteric Arteries
and Veins in DOCA-salt
hypertensive rats

Dr. Sutheera Sangsiri, Michigan

State University, USA

Mayfair Ballroom A

Pfizer Thailand
“Variability on Design of
Bioequivalence: Questions on Drugs
with Complicated Pharmacokinetic
Properties”

Speaker: Asst. Prof. Dr. Julraht
Konsil, Khon Kaen University,
Thailand

Modulator: Dr. Porranee Puranajoti,
International Bio Service Co., Ltd.,
Thailand

Luncheon Symposium supported by

Mayfair Ballroom B
Oral Presentation
(0-05-0-08)

0-07 AAV-mediated MECP2
Gene Delivery in Mouse Models
of Rett Syndrome

Dr. Thishnapha Vudhironarit,

University of Glasgow, , UK
0-08 Pharmacokinetics Guided
Exploration of Potential
Antimalarial Therapy

Dr. Muhammad Wahajuddin,

CSIR Central Drug Research

Institute, India

Mayfair Ballroom B

Luncheon Symposium supported
by SCIEX

“Liquid-chromatography Mass-
spectrometry Applications for
Small Molecule, Peptide and
Protein-based drugs”
Speaker: Vincent Lau, Technical
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Abstract

Although a number of ideal dural substitutes have been developed, their manufacturing
processes are rather complicated and costly. In addition, many of them have been associated
with complications such as cerebrospinal fluid leakage, meningitis, and a chronic inflammatory
reaction. In this study, two novel synthetic dural substitutes (P10 and P20) based on the mixture
of oxidized regenerated cellulose (ORC) and polycaprolactone (PCL) were implanted and
evaluated at 1 month post-implantation and compared with pericranium (autologous dura graft)
in a rabbit model. The results showed that no signs of systemic and CSF infections as well as
no evidence of infection and inflammatory response in the implantation sites were found in any
groups. Histologically, both synthetic dural substitutes could enhance dural regeneration
without causing any complications or tissue reactions. Interestingly, a new dura formation was
found to be comparable between P10 and autologous group. These preliminary findings
suggested that these new dural substitutes were well tolerated and exhibited excellent
biocompatibility as well as enhancing the dural regeneration in this rabbit model. However,
long-term study is required to confirm their effectiveness.

Keywords: Synthetic dural substitute, oxidized regenerated cellulose (ORC),
polycaprolactone (PCL), rabbit model
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Introduction

Over the past decades, a number of dural substitutes have been proposed and their
efficacies have been evaluated. However, dural substitutes currently employed in clinical
practice are expensive and some may not be readily available in some countries. In addition,
many of them cause serious life-threatening complications, including cerebrospinal fluid (CSF)
leakage, meningitis, and a chronic inflammatory reaction. Due to the lack of suitable dural
substitutes, a novel dural substitute that could demonstrate the superior properties is needed.
Dural substitutes that are the most commonly used in clinical practice are those that made of
collagen matrix, which either obtained from bovine'? or equine origin®*. Despite their
effectiveness, they are very expensive and may carry a risk of zoonotic transmission'-**,

Recently, we have reported a new synthetic dural substitute, which was developed
based on the combination of oxidized regenerated cellulose (ORC) and polycaprolactone
(PCL)°. It showed that the physical and mechanical properties of the composites were closed
to those of natural human dura mater. In addition, in vitro viability and proliferation tests
(unpublished data) also revealed that mouse fibroblast could survive and proliferate on these
composites, suggesting their non-toxic properties. Thus, this study was aimed to further assess
their performances by mean of in vivo evaluation in a rabbit model.

Materials and Methods

Synthetic dural substitutes

Synthetic dural substitutes were prepared as described previously®. Two formulations
were selected based on our previous finding, which are composed of ORC and 10 or 20 part of
PCL in 100 part of N-methyl-2-pyrrolidone, respectively (P10 and P20). They were then
sterilized by gamma irradiation at 25 kGy prior to implantation into the animals.

Animals

Fifteen male New Zealand white rabbits (2.5-3 kg) were obtained from National
Laboratory Animal Center, Mahidol University, Thailand. Ethical approval of this study was
obtained and approved by the Faculty of Science, Mahidol University Animal Care and Use
Committee. Animals were housed in a temperature controlled room (20 + 2°C) with a 12/12
hour light/dark cycle and maintained at humidity 60 + 10%. Standard laboratory food and water
were supplied ad libitum. The animals were randomly divided into three groups: autologous
control group (implanted with pericranium), P10 group (implanted with a synthetic dural
substitute P10) and P20 group (implanted with a synthetic dural substitute P20).

Dural implantation

The rabbits were pre-medicated by using the mixture of dextomitor (5pg/kg),
midazolam (0.5 mg/kg) and ketamine (7 mg/kg) administered by a single intramuscular
injection to provide sedation and analgesia in order to allow endotracheal intubation. The level
of anesthesia was then maintained with 3-5% isoflurane inhalational anaesthesia. In brief, the
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5 c¢m rostral-to-caudal linear incision was made at the right parietal region and a 1 x 1.5 cm?
craniectomy at the right parietal region was created using a high-speed electrical drill. A dural
defect (4 mm in diameter) was created under microscopic observation. This dural defect was
repaired by suturing the edge of the native dura with either an autologous dural graft or
ORC/PCL composites (P10 and P20) by using 5-0 non-absorbable silk. Finally, the scalp was
then closed by using 2-0 non-absorbable nylon.

Examination of blood and cerebrospinal fluid (CSF)

At one month post-implantation, animals were anesthetized via ear vein injection using
a mixture of ketamine (10 mg/kg) and xylazine (1.0 mg/kg), in which the level of anesthesia
was maintained with 3% isoflurane. Whole blood and CSF samples were drawn from the
saphenous vein and cisterna magna, respectively for evaluating the systemic infection and
meningoencephalitis.

Tissue preparation and histological analysis

Following blood and CSF collecting, animals were euthanized and the whole brain
along with tissues including dural substitutes with overlying bone and underlying brain was
removed and preserved in 10% buffered formalin for 3-5 days. The tissue was then decalcified
in 10% EDTA for 2 weeks and embedded in paraffin block. Serial sections (4 um) were cut
and stained with hematoxylin/eosin (H&E). Histological slides were assessed in semi-
quantitative fashion for reactions of the host tissue, tissue infiltration into the defects and
overall dural healing (n=5/group) (Table 1).

Statistical Analysis

Statistical analysis was performed using GraphPad Prism (version 6). All data were
expressed as the mean and standard error of the mean (mean + SEM). Statistical significance
was determined using one-way analysis of variance (ANOVA), followed by Tukey's multiple
comparisons test. The p value was set at p < 0.05 for the significant different between groups.

Results and Discussion

Two synthetic dural substitutes were successfully implanted into the animals. All
animals recovered well post-implantation as observed by a gradual increase in their body
weights. They remained healthy with no neurological impairment and post-operative
complications such as CSF leakage. These data suggested that the composites exhibited a
water-tight seal which is an essential property for an ideal dural substitute. In addition, no
polymorphonuclear leukocytes (PMN) infiltration was observed in the implantation sites,
indicating no infection and inflammatory responses. This data was consistent with the results
obtained from blood and CSF tests, in which the completed blood count values were found to
be in the normal range and no white blood cells were detected in the CSF samples of all the
animals (data not shown).
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Histologically, no significant difference in a degree of fibrosis and the attachment
degree between autologous dural graft and two synthetic dural substitutes with adjacent tissues
was observed. Both samples could enhance the dural regeneration, but P10 was found to have
greater ability and was comparable to that of autologous group (Figure 2). Interestingly, a
significant increase in the mean scores for bone remodeling markers, including vascularization
and infiltration of osteoclast was observed in the implantation sites of both synthetic dural

substitutes compared to that of autologous group (Figure 2).

Table 1. Semi-quantitative scoring criteria of histological studies

1. Adhesion to adjacent tissue 4. Vascularization
4 Extensive adhesion 4 | Abundant vascularization
3 Moderate adhesion 3 Moderate vascularization
2 Mild adhesion 2 | Mild vascularization
1 Few adhesion 1 | Few vascularization
0 None 0 | None
2. Dura formation and Dura 5. Foreign body response (Macrophage
rearrangement or Foamy cells)
4 Dura formation > 75% with thin dura 4 Abundant infiltration of
structure macrophages and giant cells
Dura formation 50-75% of bone
3 excision area with thin dura structure 3 Moderate infiltration of
or Dura formation > 75% with thick macrophages and giant cells
dura structure
5 Dura formation 25-50% of bone ) Occasional infiltration of
excision area macrophage
1 0
1 Dur‘a .formatlon <25% of bone 1 | Few infiltration of macrophage
excision area
0 No dura formation 0 | None
3. Degree of fibrosis 6. Bone remodeling
4 Severe fibrosis 4 | Abundant osteoclasts
3 Moderate fibrosis 3 | Moderate number of osteoclasts
2 Mild fibrosis 2 | Small number of osteoclasts
1 Few fibrosis 1 Few osteoclasts
0 None 0 | None

15-3" Feb 2016 Bangkok, Thailand




Conference Proceeding
The 13" Asia Pacific Federation of Pharmacologist (APFP) Meeting

Figure 1. H&E staining of tissue around the dural graft 1 month after implantation with either an
autologous dural graft (A, B) or ORC/PCL composites (P10: C, D & P20: E, F) in rabbits. The
remaining of synthetic dural substitutes (P10: C, D & P20: E, F) were observed. Fibrosis pattern in the
synthetic dural substitutes were similar to autologous grafts after implantation. No hemorrhage and
meningo-encephalitis were observed in all rabbits. Arrowhead indicated fibroblasts in fibrous tissue
after implantation with dural substitutes and the arrow indicated the osteoclasts. Both P10 & P20 could
enhance the dural regeneration, but P10 was found to have greater ability and was comparable to that
of autologous group. Asterisk (*) = dural substitutes, B = brain, Bar = 200 um (A, C, E) & 20 um (B,
D, F).
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Figure 2. Histological scoring of the implantation sites for autologous, P10 and P20 groups after 1
month post-implantation. Histological examination was graded in semi-quantitative fashion. Data were
expressed as mean + SEM of five animals in each group. Statistically significant differences were
determined using one-way analysis of variance (ANOVA), followed by Tukey’s multiple comparisons
test, *p<0.05, ****p<0.0001 versus autologous group.

Besides, our current finding also demonstrated that both formulations of new synthetic
dural substitutes could enhance the bone remodeling process. However, further studies are
required to investigate this finding.

Conclusion

The present finding demonstrated that the new synthetic dural substitutes based on the
mixture of ORC and PCL are well tolerated and exhibited excellent biocompatibility as well as
enhancing the dural regeneration in the rabbit model. These composites could potentially be
employed as alternative dural substitutes that are biocompatible and safe to use. However, long-
term in vivo investigation is required to confirm their effectiveness.

Acknowledgements

This work is financially supported by the Faculty of Science and the Faculty of
Medicine Ramathibodi Hospital, Mahidol University. The authors would also like to thank
National Metal and Materials Technology Center for the use of characterization instruments.

15-3" Feb 2016 Bangkok, Thailand 6



Conference Proceeding
The 13" Asia Pacific Federation of Pharmacologist (APFP) Meeting

References

1.

2.

Costa BS, Cavalcanti-Mendes Gde A, Abreu MS, Sousa AA. Clinical experience with a
novel bovine collagen dura mater substitute. Arq Neuropsiquiatr. 2011;69(2A):217-20.
Van Calenbergh F, Quintens E, Sciot R, Van Loon J, Goffin J, Plets C. The use of Vicryl
Collagen as a dura substitute: a clinical review of 78 surgical cases. Acta neurochirurgica.
1997;139(2):120-3.

Parlato C, di Nuzzo G, Luongo M, Parlato RS, Accardo M, Cuccurullo L, et al. Use of a
collagen biomatrix (TissuDura) for dura repair: a long-term neuroradiological and
neuropathological evaluation. Acta neurochirurgica. 2011;153(1):142-7.

. Knopp U, Christmann F, Reusche E, Sepehrnia A. A new collagen biomatrix of equine

origin versus a cadaveric dura graft for the repair of dural defects--a comparative animal
experimental study. Acta neurochirurgica. 2005;147(8):877-87.

Theeranattapong T, Luangwattanawilai T, Suwanprateeb J, Suvannapruk W, Chumnanvej
S, Hemstapat W. Physical and Mechanical Characterizations of Oxidized Regenerated
Cellulose/Polycaprolactone Composite for Use as a Synthetic Dura Mater. Key Engineering
Materials. 2015; 659: 19-23.

15-3" Feb 2016 Bangkok, Thailand 7



Conference Proceeding
The 13" Asia Pacific Federation of Pharmacologist (APFP) Meeting

RESEARCH ARTICLE

Chondrogenic induction ability of adipose-derived mesenchymal stem cells
(ASCs) from infrapatellar fat pad and subcutaneous adipose tissues: a
preliminary study in a rat model of osteochondral defect

Orada Sriwatananukulkit!, Ticomporn Luangwattanawilai', Narongrit Srikaew?,
Tulyapruek Tawonsawatruk?, Kasem Rattanapinyopituk*, Warinkarn Hemstapat!

'Department of Pharmacology, Faculty of Science, Mahidol University, Bangkok, 10400 Thailand
’Research Centre, F. aculty of Medicine, Ramathibodi Hospital, Bangkok, 10400 Thailand
'Department of Orthopedics, Faculty of Medicine, Ramathibodi Hospital, Bangkok, 10400 Thailand
*Department of Veterinary Pathology, Faculty of Veterinary Science, Chulalongkorn University,
Bangkok, 10330 Thailand

Address correspondence and reprint request to: Warinkarn Hemstapat, Department of Pharmacology, Faculty of
Science, Mahidol University, Bangkok Thailand.
E-mail address: warinkarn.hem@mabhidol.ac.th

Abstract

Mesenchymal stem cell (MSC)-based therapy has been received a lot of attention as a
promising strategy for the treatment of a full-thickness articular cartilage defect, in which bone
marrow derived mesenchymal stem cells (BM-MSCs) has been one of the most commonly
used sources of MSCs. However, the focus has recently been shifted to adipose tissue-derived
mesenchymal stem cells (ASCs). The chondrogenic potential of ASCs extracted from both
infrapatellar fat pad (IF-ASCs) and subcutaneous adipose tissues (SC-ASCs) harvested from
the knee of OA patients has recently been investigated and compared in vitro. In this study, we
investigated the chrondrogenic differentiation characteristics of scaffold free cartilage
constructs derived from IF-ASCs and SC-ASCs after implantation into an osteochondral defect
of the rat knee for 4 weeks. The results showed that scaffold free cartilage constructs derived
from both sources were stained positive for safranin-O and toluidine blue as well as
immunostaining for collagen type II, confirming their chondrogenic differentiation ability. In
addition, the results from histological grading score revealed that after implantation for 4
weeks, the chondrogenic differentiation characteristics of these cartilage constructs still
remained and no significant difference between them were observed. These preliminary finding
suggested that the chondrogenic potential of these scaffold free cartilage constructs derived
from IF-ASCs and SC-ASCs can be preserved 4 weeks post-implantation. However, further
study for longer duration is required to confirm this result.

Keywords: Rat model of osteochondral defect, adipose-derived mesenchymal stem cell,
infrapatellar fat pad, subcutaneous adipose tissues, chondrogenic differentiation
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Introduction

It is well accepted that cartilage injury when left untreated; it can increase a patient’s
chance of later developing osteoarthritis (OA). Recently, cell-based therapy has increasingly
received a lot of attention as one of the alternative strategies to repair full-thickness cartilage
defects. For instance, bone marrow-derived mesenchymal stem cells (BM-MSCs) are the most
commonly used cells for repairing bone and cartilage defects'. In addition, adipose tissue-
derived mesenchymal stem cells (ASCs) have been reported to serve as superior alternative to
BM-MSC:s for the cartilage tissue engineering due to their abundance, ease of harvesting and
less invasive than performing bone marrow extraction’. More recently, an in vitro study
comparing the sources of ASCs obtained from infrapatellar fat pad (IF-ASCs) and
subcutaneous adipose tissues (SC-ASCs) have been reported, in which both of them were
demonstrated to exhibit chondrogenic differentiation potentials®. However, whether their
differentiation potentials can be retained after implantation in an in vivo, this was the subject
to be investigated in the present study.

Materials and Methods

Preparation of 3D cartilage constructs

Human ASCs were harvested from two different sources, including infrapatellar fat pad
(IF) and subcutaneous adipose tissue (SC). IF was collected from patients who underwent total
knee arthroplasty, while SC was obtained by liposuction from patients who received cosmetic
surgery. After harvesting, ASCs from both sources were isolated. To prepare 3D cartilage
constructs, adipose tissues were digested by collagenase type I to obtain ASCs. These cells
were then cultured in completed medium containing DMEM-low glucose medium
supplemented with 10% fetal bovine serum, 1% penicillin/streptomycin, 1% L-glutamine and
0.1% fungizome until 3™ passages. Prior to implantation, the characteristic of ASCs was
confirmed, in which immunophenotypes including CD73, CD90, CD105, CD 34, CD45 and
HLA-DR were evaluated by using flow cytometry. In addition, ASCs’ karyotype as well as
differentiation abilities to chondrogenic-, adipogenic- and osteogenic-ASCs were also
determined. To obtain the cartilage construct, approximately 1.0 x 10® IF-ASCs and SC-ASCs
were used and cultured in chondrogenic media for 21 days as previously described*. The
cartilage construct were then divided into 2 parts. The first part was used to confirm the
chondrogenic differentiation characteristic, while another part was used for implantation in the
osteochondral defect of the rat.

Animal study: 3D cartilage constructs implantation in osteochondral defect rat model

Six weeks old male Wistar rats (160- 180 g) were obtained from National Laboratory
Animal Center, Mahidol University, Thailand. Ethical approval of this study was obtained and
approved by the Faculty of Science, Mahidol University Animal Care and Use Committee.
Animals were housed in pair in a temperature-controlled room (20 + 2°C), maintained at
humidity 60 = 10%, and a 12 h/12 h dark-light cycle. Standard laboratory rat food and water
were supplied ad libitum. Wistar rats were divided into two groups: 1. Osteochondral defect
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group implanted with IF-ASCs (n=2), 2. Osteochondral defect group implanted with SC-ASCs
(n=3). The osteochondral defect was created as previously described with some modifications®.
Briefly, a medial parapatellar incision was made on the right knee joint of the animal. The
patellar was dislocated laterally to expose a better access to the articular surface of the femoral
condyle. Two full-thickness osteochondral defects with a diameter of 1.2 mm and 3 mm depth
were created by using Kirschner wires (K-wires) to drill on both medial and lateral femoral
condyles until reaching the bone marrow region. IF-ASCs were then implanted into medial
femoral condyle whereas SC-ASCs were implanted into lateral femoral condyle. After 4 weeks
post-implantation, the animals were euthanized and both knee joints were collected for further
histological analysis.

Histological and immunohistochemical analyses

Cartilage constructs and femoral condyles were preserved in 10% buffered formalin for
2 days. Femoral condyles, but not cartilage constructs were then decalcified with 10% EDTA
for 2 weeks followed by paraffin embedding and sectioning. Sections were then stained with
Hematoxylin and Eosin (H&E) to detect general morphology as well as safranin-O/fast green
and toluidine blue to detect proteoglycan contents of matrix. In addition, immunohistochemical
staining for collagen type-II (Merck Millipore, Germany) was also assessed by using standard
immunochemistry techniques as previously described®’. To assess the tissue regeneration,
histological slides were evaluated in semi-quantitative fashion according to the following
criteria established in Table 1. Criteria for evaluation were based on previously described with
some modifications®.

Table 1. Semi-quantitative criteria for evaluating the regenerated tissue in the repaired osteochondral

defect.

Filing ofdefectin Maltrix staining : Toluidine

percentage Grading blue Grading

100 0 Normal 0

75 1 Reduced 1

50 2 Significantly reduced 2

25 3 Faint 3

0 4 None 4

Reconstitution of Matrix staining :

osteochondral junction Grading Immunohistochemistry Grading

Yes 0 High 0

Almost 1 Moderate 1

Not close 2 None 2

Matrix staining :

Safranin-O staining Grading Cell morphology Grading

Normal 0 Normal 0

Reduced 1 Mostly hyaline and 1

Significantly reduced 2 fibrocartilage

Faint 3 Mostly fibrocartilage 2

None 4 Some fibrocartilage but most 3
non-chondrocytic cells
Non-chondrocytic cells only 4
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Statistical analysis

All data were expressed as the mean and standard deviation (mean + SD). Semi-
quantitative histology scores were compared using non-parametric Mann Whitney tests and
GraphPad Prism software (version 6.0). The p value was set at p < 0.05 for the significant
different between two groups.

Results and Discussion

Preparation of 3D cartilage constructs

Both IF-ASCs and SC-ASCs expressed the positive marker including CD73, CD90,
CD105, but not CD 34, CD45 and HLA-DR. In addition, ASCs’ karyotypes were found to be
normal and their ability to differentiate into chondrogenic, adipogenic and osteogenic lineage
were also observed (unpublished work; data not shown).

Histology and immunohistochemistry of cartilage construct

After 21 days of culture in chondrogenic media, both IF-ASCs and SC-ASCs cartilage
constructs displayed round with white opaque color in which more solid texture was noted for
IF-ACSs. Histologically, staining of these cartilage constructs with H&E revealed cells with
rounded appearance and they were surrounded by an abundant extracellular matrix. In addition,
the results also revealed that both cartilage constructs stained positively for safranin-O and
toluidine blue (data not shown) as well as immunostained with collagen type II (Figure 1). This
result suggested that the cartilage constructs obtained from both sources can produce
proteoglycans matrix and collagen type II, which are the main components in the articular
cartilage, confirming their chondrogenic differentiation ability. Similar results of both cartilage
constructs were also observed after implantation in the rat femoral condyles for 4 weeks as
indicated by a positive staining for safranin-O and toluidine blue (data not shown) as well as
immunostained with collagen type II (Figure 2). Additionally, cartilage lacunae were also
observed in the implanted constructs (Figure 2), suggesting the presence of mature
chondrocytes.

Moreover, the present data also showed that the mean histological scores for IF-ASCs
and SC-ASCs were 12.2 £ 3.2 and 10.3 £ 1.5, respectively, in which no significant difference
between these constructs were observed (Figure 3). Therefore, this present study suggested that
the cartilage constructs derived from both [F-ASCs and SC-ASCs can retain their chondrogenic
differentiation characteristics after 4 weeks implantation such that they exhibited similar
chrondrogenic ability regardless of their source of origin.
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C

Figure 1. Immunohistochemical staining of collagen type II. Representative 3D cartilage constructs
derived from IF-ASCs (A), SC-ASCs (B) and IgG staining as controls (C).

Figure 2. Immunohistochemical staining for collagen type II of implanted cartilage constructs derived
from SC-ASCs (A) in osteochondral defects at 4 weeks post-implantation and normal cartilage (B).
Black dotted line indicated the area of cartilage lacunae where the mature chondrocytes were observed.

Scores

IF-ASCs SC-ASCs

Figure 3. Histological grading scores of the regenerated tissue in the repaired osteochondral defect.
Results from IF-ASCs (n = 2) and SC-ASCs (n = 3) groups are shown. All data were expressed as the
mean and standard deviation (mean + SD). Semi-quantitative histology score were compared using non-
parametric Mann Whitney tests. The p value was set at p < 0.05 for the significant different between
two groups.
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Conclusion

This study demonstrated that the cartilage construct derived from both IF-ASCs and
SC-ASCs can retain their chondrogenic differentiation characteristics after implantation into
an osteochondral defect of the rat for 4 weeks. Although, this study is a proof of concept
experiment showing cartilage constructs derived from adipose tissue either from infra-patellar
fat pad or from subcutaneous source can maintain their chondrogenic phenotype in vivo, the
further investigation in an appropriate cartilage injury model should be done to determine their
potential for cartilage regeneration.
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Abstract

Hot flush is a symptom that relates with sex hormone deficiency. It is the reflection of
a disorder of hypothalamic thermoregulatory mechanisms. This symptom can be found in both
postmenopausal women and andropause men and may disturb their quality of life. The
hallmarks of hot flushes include cutaneous vasodilatation and increase in peripheral blood flow.
The objective of this study was to evaluate the effects of vasodilator substances on hot flushes
simulation in both female and male Wistar rats. Calcitonin gene-related peptide (CGRP) (10
Mg/kg) as the potent vasodilator was intravenously (i.v.) injected in both sexes of rats.
Leuprorelin acetate (1 mg/kg), the potent GnRH-analogue, was also subcutaneously (s.c.)
injected in both sexes of rats. Tail skin temperature (TST) and core body temperature were
measured. CGRP significantly elevated female’s tail skin temperature when compared with
saline-treated female rats. While, leuprorelin acetate significantly elevated male’s tail skin
temperature when compared with saline-treated male rats. The results obtained from this study
may be used to develop an animal model for screening the substances that are proposed to
relieve hot flushes in human.

Keywords: Hot flush, Calcitonin gene-related peptide (CGRP), GnRH-analogue, Leuprorelin
acetate, tail skin temperature, core body temperature

Introduction

Hot flushes are the symptoms that mostly been found in postmenopausal women and
andropause men. These symptoms generally begin with a sudden outpouring of sweat, and then
increasing in heart rate and peripheral blood flow resulting in skin temperature elevation.!
Vasomotor symptoms in postmenopausal women result from a disorder of hypothalamic
thermoregulatory mechanisms that link to the lack of sex hormone. The thermoneutral zone is
narrow down in postmenopausal women caused by losing of thermoregulation of autonomic
thermoeffectors such as vessels, muscle, and skin.! Hot flushes relate with an imbalance of heat
dissipated activation and heat loss mechanisms. Tail skin temperature (TST) is often used to
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represent cutaneous vasodilatation in rat model. Rat’s tail is a primary exchange organ because
it has an extensive vascularization, a lack of fur, and a high surface area to volume ratio.? Using
vasodilator substances can induce vasodilatation in order to mimic hot flushes in animal
models. Calcitonin gene-related peptide (CGRP) is a 37-amino-acid, potent vasodilator
neuropeptide and has been found abundant in urine® and plasma* in postmenopausal women.
Leuprorelin acetate is a gonadotropin releasing hormone receptor agonist (GnRH-analogues)
that suppresses luteinizing hormone (LH) and follicle stimulating hormone (FSH) from anterior
pituitary gland, and subsequently suppresses sex hormone production. It can cause skin
temperature increasing in patients whom treated with chronic leuprorelin administration such
as prostate cancer, endometriosis, central precocious puberty, and polycystic ovary syndrome.
The activation of these thermoeffectors can be used to mimic hot flushes in animal model.
Therefore, the aim of this study was to evaluate the effects of vasodilator substances on hot
flushes simulation in both sexes of rats.

Materials and Methods

Handling and testing in animal were in accordance with the “Guidelines for the care
and use of laboratory animals” approved by the Thailand Institute of Scientific and
Technological Research (TISTR) Animal Care and Use Committee, Pathum Thani, Thailand

Animals

Male Wistar rats weighting 300-350 g and female Wistar rats weighting 200-250 g were
purchased from National Laboratory Animal Center, Mahidol University, Salaya,
Nakornpathom. The rats were maintained on 12 h light/ dark schedule at a temperature of 23+1
°C, with free access to food and water. All measurements of tail skin and core body
temperatures were performed between 08.00-12.00 h, and the room temperature was
maintained at 23+1 °C throughout the recording period.

Drug and reagents

Rat aCGRP was purchased from Sigma Aldrich (USA) and dissolved in saline on the
day of use. Leuprorelin acetate 3.75 mg was purchased from Takeda (Japan) and dissolved in
solvent that accompanied with a prefilled syringe.

Measurement of aCGRP-induced increasing of tail skin temperature

10 pg/ml rat aCGRP was intravenously injected at dose of 10 pg/kg of body weight in
both male and female rats. A digital thermometer probe (TL8009, Keyan Technology Co. Ltd.,
China) was taped to the dorsal surface of the tail about 3 cm from its tip. The mean tail skin
temperature was measured at 10-min intervals throughout the 120-min experiment. The core
body temperature was anally measured by mercury thermometer (CRW-23A, Jianggsu Yuyue
Medical Instruments Co. Ltd., China) at 30-min intervals throughout the experiment. These
data were expressed as A tail skin temperature; whereas the average tail skin temperature in

each corresponding period after rat CGRP administration — the basal tail skin temperature in
each rat.
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Measurement of leuprorelin-induced increasing of tail skin temperature

3.75 mg/ml leuprorelin acetate was subcutaneously injected at dose of 1 mg/kg of body
weight daily in both male and female rats. A digital thermometer probe (TL8009, Keyan
Technology Co. Ltd., China) was taped to the dorsal surface of the tail about 3 cm from its tip.
The mean tail skin temperature was measured everyday at 09.00 AM or in the morning
throughout the 14-day experiment. The core body temperature was measured by mercury
thermometer (CRW-23A, Jianggsu Yuyue Medical Instruments Co. Ltd., China). These data
were expressed as A tail skin temperature as described above.

Statistical analysis

All data represent the mean + S.E.M. Statistical analysis was performed using one-way
analysis of variance (ANOVA) followed by Dunnett’s test. A value of P<0.05 was considered
for statistical significance.
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Figure 1.Effects of aCGRP on tail skin temperature change in both sexes of rats. Each value is
expressed as the mean £ S.E.M. (n=3). Significance with Dunnett’s test following a one-way ANOVA
[p < 0.05] vs. saline-treated rats. [®- control male rats, 4- CGRP male rats, ¢-control female rats, X-
CGRP female rats, * significant when p< 0.05]
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Figure 2. Effects of CGRP on core body temperature change in both sexes of rats. Each value is
expressed as the mean + S.E.M. (n=3). Significance with Dunnett’s test following a one-way ANOVA
[p < 0.05] vs. saline-treated rats. [®- control male rats, 4- CGRP male rats, ®-control female rats, X-
CGRP female rats, * significant when p< 0.05]
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Figure 3. Effects of leuprorelin on tail skin temperature change in both sexes of rats. Each value is
expressed as the mean + S.E.M. (n=3). Significance with Dunnett’s test following a one-way ANOVA
[p < 0.05] vs. saline-treated rats. [®- control male rats, 4 - leuprorelin male rats, ®-control female rats,
X -leuprorelin female rats, * significant when p< 0.05]
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Figure 4. Effects of leuprorelin on core body temperature change in both sexes of rats. Each value is
expressed as the mean + S.E.M. (n=3). Significance with Dunnett’s test following a one-way ANOVA
[p < 0.05] vs. saline-treated rats. [®- control male rats, 4 - leuprorelin male rats, ®-control female rats,
X -leuprorelin female rats, * significant when p< 0.05]

Results

Effects of aCGRP on tail skin and core body temperatures

20 minutes after injection, aCGRP at 10 pg/kg significantly (p< 0.05) elevated the
maximal tail skin temperature in female, but not in male rats when compared with saline-treated
group (Fig. 1). While, the A core body temperature in every group was not statistically

significant as shown in Fig. 2.

Effects of leuprorelin acetate on tail skin and core body temperatures

Maximal tail skin temperature in male rats was significantly (p< 0.05) elevated after 8
days of leuprorelin acetate injection, but not in female rats when compared with saline-treated
group (Fig. 3). Leuprorelin acetate increased a core body temperature in leuprorelin-treated

male and female groups only at the end of the trial that exhibited in Fig. 4.

Discussion

In the previous study,>® CGRP has been shown to synergize the responses of
ovariectomized animal model for increasing peripheral blood flow and elevating tail skin
temperature. In this study, we demonstrated that aCGRP significantly elevated tail skin
temperature in intact female, but not in male rats. These results suggest that the expression of
aCGRP and its receptor in intact female rats may sensitive to rat aCGRP more than in male
rats.” This substance is probably useful to be applied in perimenopause female rats setting as a
non-invasive hot flush model that can be used in the screening for hot flush-relieving drugs.

Leuprorelin acetate (known as leuprolide acetate), a potent gonadotropin releasing
hormone receptor (GnRHR) agonist, was continuously administered. It acted as an inhibitor of
gonadotropin secretion leading to sex hormone deficiency. This manipulation resulted in tail
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skin temperature elevation. In male rats, tail skin temperature decreased after 4 days of
leuprorelin acetate injection. Possibly, it is a result of “flare phenomenon”®, which is the effect
of the increasing level of testosterone during the first 4 days of administration, and then the tail
skin temperature was decreased to reach castrate levels in 8 days when leuprorelin acetate was
still continuously administered.

The changes in core body temperature in every aCGRP-treated group were not
statistically significant, while leuprorelin acetate increased A core body temperature in both
leuprorelin-treated male and female groups at the end of the trial (day 10-14 of the experiment).
Although, leuprorelin acetate increased sex hormone initially, continuous administration
produces an inhibition of the hypophyseal-gonadal axis and a suppression of circulating LH,
FSH, and sex hormone levels within 2-4 weeks.’ Since leuprorelin inhibited sex hormone

production, it caused losing of central thermoregulation.'% !

Conclusion

We demonstrated that aCGRP and leuprorelin acetate may possibly be used to elevate
tail skin temperature in female and male rats, respectively. However, further studies are still
needed to confirm the results of this study in order to develop an animal model for screening
of hot flush-relieving substances in human.
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Abstract

A local and sustained antibiotics delivery to the surgical site has been foreseen as a way
to help preventing post-neurosurgical infection as well as lowering the systemic adverse effects
resulted from higher dose intravenous injection. Recently, a novel synthetic dural substitute
which was developed by the combination of oxidized regenerated cellulose (ORC) and
polycaprolactone (PCL) has offered several advantages including low cost, simple production
as well as similar mechanical properties to natural human dura mater. It was hypothesized that
this synthetic dural substitute could be modified to act as antibiotic carrier for localized release
application. In this study, cefazolin impregnated ORC/PCL composite was prepared by
incorporating cefazolin at the concentration of 25, 50 and 100 mg mL'in N-methyl-2-
pyrrolidone which was used as solvent for PCL in the solution impregnation process. It was
found that the incorporation of cefazolin resulted in the samples having greater density, but
lower thickness compared to the ORC/PCL composite alone. Tensile modulus was observed to
increase with increasing cefazolin concentration. Inversely, tensile strength and strain at break
were slightly lower than those of ORC/PCL composite. All the samples displayed biphasic
releasing profile including burst release of high amount of cefazolin initially and followed by
a continuous and small release afterward for at least ten days which was the maximum periods
in this study. Cefazolin released concentration was found to still be above the minimum
inhibition concentration against S. aureus.

Keywords: synthetic dural substitute, antibiotic carrier, cefazolin, drug release
Introduction

Post-neurosurgical infection could lead to severe consequences including meningitis,
brain abscess, and intracranial infection!. With this concern, a dural substitute that can provide
local and sustained release of antibiotic to surgical site would be beneficial to prevent post-
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neurosurgical infection?. Moreover, this local release could minimize the administration of
higher dose intravenous antibiotics injection which lowering systemic adverse effects for
patient’. Cefazolin is an antibiotic which is considered as the first line drug of choice because
of its most effectiveness against Staphylococcus aureus (S. aureus) and Coagulase-negative
staphylococci (CoNS) which are the major causes of the post-neurosurgical infection®.
Recently, a novel dural substitute based on the combination of oxidized regenerated cellulose
(ORC) and polycaprolactone (PCL) was successfully developed which displayed similar
properties to those of natural human dura mater’. This study was aimed to fabricate and to
characterize the physical and mechanical properties of cefazolin impregnated ORC/PCL for
possibly using as an antibacterial dural substitute, which provide both tissue regeneration and
initial localized antibiotic prophylaxis. Cefazolin releasing profile from the developed samples
was also investigated.

Materials and Methods

Raw Materials

All the raw materials including polycaprolactone (Mw ~ 80,000, Sigma-Aldrich),
oxidized regenerated cellulose (Surgicel®, Ethicon Inc.) and N-methyl-2-pyrrolidone
(Pharmasolve™, Ashland Inc.) were purchased and used in the as-received form. The antibiotic
used was cefazolin sodium (Fazolin®, Siam Bheasach Co., Ltd.) and was supplied in the
powder form.

Sample preparation

Formulation P20 of ORC/PCL composite (20 g in 100 ml of N-methyl-2-pyrrolidone)
was selected to be employed in this study based on the previous result, in which this
formulation was easy to prepare and its mechanical properties were found to be in the range of
natural human dura mater’. ORC/PCL composites were fabricated by solution infiltration
process by coating prepared PCL solutions using a blade onto both sides of oxidized
regenerated cellulose knitted sheet and followed by recoating the PCL solution on one side of
the infiltrated sheet. Various concentrations of cefazolin (25, 50 and 100 mg mL™) were
dissolved in N-methyl-2-pyrrolidone making PCL solutions used to prepare cefazolin
impregnated composite (designated P20 25, P20 50 and P20 100, respectively) instead of a
typical drug-free PCL solution (P20). After processing, the samples were washed in water and
dried in the oven at 40°C to remove the solvent.

Characterizations

Bulk density of the samples was determined by dividing the weight of the sample by its
volume which was measured by a precision balance (Sartorious) and a vernier caliper
(Mitutoyo), respectively. The volume each sample was calculated by multiplying the width,
the length and the thickness. Tensile testing was carried out by a universal testing machine
(Instron 55R4502) equipped with a 10 kN load cell. All tests were carried out at 23 °C and 50
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% RH and a constant crosshead speed of 50 mm min!. Tensile properties such as tensile
modulus, tensile strength and tensile strain at break were then determined.

Cefazolin release determination

Preliminary investigation of the cefazolin released profile was carried out by cutting
the samples into square sheets (1x1 cm?). Each sample was placed in a plastic bottle containing
5 ml of deionized ( DI) water and stored in an incubator at 37°C. At every 24 hrs, the solution
was collected and filtered with syringe filter. The sample was removed, slightly blotted with
paper, and placed in new bottle containing fresh DI water. The absorbance of the solution was
then measured by UV-VIS spectrophotometer (Spectrum measurement) at a wavelength of 270
nm and compared with a standard curve to quantify the amount of cefazolin. The test was
carried out in triplicate for up to ten days and the results were reported as mean values +
standard deviation (SD).

Statistical Analysis

All data were expressed as the mean and standard deviation (mean £+ SD). Statistical
analysis was performed using GraphPad Prism (version 6). Statistical significance was
determined using one-way analysis of variance (ANOVA), followed by Tukey's multiple
comparisons test. The p value was set at p < 0.05 for the significant difference between groups.

Results and Discussion

Table 1 showed the comparison of bulk density and thickness of fabricated samples. It
was found that bulk density of all cefazolin impregnated ORC/PCL composites was greater
than that of ORC/PCL composite, but the thickness was lower. However, density and thickness
of the cefazolin impregnated composite were relatively unchanged with the increase in
concentration of cefazolin used. The differences between ORC/PCL composite and cefazolin
impregnated ORC/PCL composites were thought to be resulted from the amount of
incorporated cefazolin itself in couple with the effect of cefazolin on the increase in viscosity
of the PCL solution due to the restriction of polymer chain movement®. Figures 1-3 showed
tensile properties of cefazolin impregnated ORC/PCL composites compared to ORC/PCL
composite. Tensile modulus was observed to increase with increasing cefazolin concentration
in the sample. Tensile strength and strain at break of all cefazolin impregnated composites were
lower than those of ORC/PCL composite, but were in the similar ranges regardless of the
concentration of cefazolin. These results indicated that the incorporation of cefazolin in the
ORC/PCL composites caused the composites to be stiffer and less ductile. However, tensile
properties of all cefazolin impregnated composites were still within the range of human dura

mater’® (11.2-171.5 MPa, 1.3-27.1 MPa and 16.0-49.7% for tensile modulus, strength and

strain at break, respectively).
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Table 1. Bulk density and thickness of the fabricated samples.

Cefazolin Concentration (mg ml-!)

Samples Bulk Density (g cm™) Thickness (mm)
P20 0.519 £0.09 0.88 +0.04
P20 25 0.663 £ 0.04 0.69 +0.02
P20 50 0.632 £0.01 0.67 +0.02
P20 100 0.626 £ 0.05 0.65+0.01
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Figure 1. Influence of cefazolin concentration incorporated in the ORC/PCL composite on tensile
modulus. Samples that do not share the same symbols are significantly different (p<0.05).
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Figure 2. Influence of cefazolin concentration incorporated in the ORC/PCL composite on tensile
strength, *p<0.05 versus P20 group.
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Figure 3. Influence of cefazolin concentration incorporated in the ORC/PCL composite on tensile
strain at break, *p<0.05 versus P20 group.

Figure 4 showed the releasing characteristic of the cefazolin impregnated ORC/PCL
composites. It could be seen that all the samples displayed similar releasing profile including
burst release of high amount of cefazolin initially and followed by a significantly small, but
slow release afterward. The amount of cefazolin burst release increased with increasing the
cefazolin concentration in the processing step. The lowest concentration of cefazolin in media
during a slow release after day 1 was found to be about 1.0 pg mL-1 per day which was still
above the minimum inhibition concentration) 0.9 ug mL-1 against S. aureus10. The cefazolin
released profiles tended to follow the power law model, for example, Korsmeyer-Peppas
modell1l. The release pattern could be related to the fast release of the cefazolin absorbed on
the sample surfaces and from dissolved ORC component during the initial period and followed
by a slow release of the drug from the PCL matrix.
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Figure 4. Cumulative antibiotic releasing profile of three cefazolin impregnated ORC/PCL composites.
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Conclusion

Cefazolin impregnated ORC/PCL composites were successfully fabricated which still
had the physical and mechanical properties in the range of natural dura mater. Cefazolin could
be loaded and continuously released from the composites in DI water for at least ten days
displaying biphasic releasing profile. These results indicated the potential use of cefazolin
impregnated ORC/PCL composites as antibacterial synthetic dural substitute. However, the
study for longer duration and in other media, for example, artificial cerebrospinal fluid will be
further investigated for evaluating their effectiveness.
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Abstract

The sensitivity of ten Plasmodium falciparum isolates collected from Mae Sot district,
Tak province in 2012, to chloroquine, quinine and artemisinin was investigated in association
with polymorphisms of the parasite resistant genes, i.e., Plasmodium falciparum multidrug
resistance protein 1 (pfmrpl: SNP at amino acid positions 191 and 437), Plasmodium
falciparum sodium hydrogen exchanger 1 (pfnhel: at the microsatellite in ms4760 locus),
Plasmodium falciparum maurer’s cleft two transmembrane proteins (pfimc-2tm: new SNPs),
and Plasmodium falciparum GTP cyclohydrolase 1 (pfgchl: new SNPs). Results revealed non-
synonymous mutations at the position 437 of pfimrpl of which the amino acids were DNNND
repeat. For pfnhel, the amino acids were NHNDNHNNDDD repeat. For pfinc-2tm, non-
synonymous mutations at the positions 189, 190, 192, 194, 196 and 197 were found. All
isolates carried wild type pfgchl. These genetic markers should be further validated for
monitoring of antimalarial drug resistance.

Keywords: Antimalarial drug resistance, Plasmodium falciparum multidrug resistance
protein 1, Plasmodium falciparum sodium hydrogen exchanger 1, Plasmodium falciparum
maurer’s cleft two transmembrane proteins, Plasmodium falciparum GTP cyclohydrolase 1

Introduction

Malaria is one of the major public health problems in tropical countries. Globally, an
estimated 3.3 billion people in 97 countries and territories are at risk of being infected with
malaria, and 1.2 billion are at high risk!. Resistance to antimalarial drugs has been documented
for Plasmodium falciparum, Plasmodium malariae, and Plasmodium vivax. Resistance of P.
falciparum to antimalarial drugs has been observed for almost all of the available drugs
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including chloroquine, mefloquine, quinine, sulfadoxine-pyrimethamine (Fansidar™), and

more recently, artemisinin derivatives. The geographical distributions and rates of spread have
varied considerably’. In Thailand, resistance to chloroquine was first reported in 19617,
Resistance to sulfadoxine—pyrimethamine and mefloquine were reported in 1083 and 1989,
respectively”.

Plasmodium falciparum multidrug resistance associated protein (Pfmrp) belongs to the
C subfamily of ABC transporters play role in the transport of glutathione, glucuronate, as well
as glucuronide and sulfate conjugated compounds®. Pfmrp localizes to the parasite plasma
membrane and membrane-bound vesicles in asexual stages®. The gene knock-out parasite lines
were shown to increase intracellular glutathione accumulation and increased susceptibility to
several antimalarial drugs,including chloroquine, quinine and artemisinins®.

Resistance to quinolone antimalarials involves multiple transporters, in particular
mutations in the Plasmodium falciparum chloroquine resistance transporter (pfcrt) and
Plasmodium falciparum multidrug resistance 1 (pfindrl) genes. A quantitative trait loci (QTL)
analysis confirmed these remarks and recommended an additional role of a newly discovered
locus on chromosome 13 interacting with other loci, further highlighting the complex network
of gene interactions involved in the acquisition of a quinoline resistance phenotype. Among
100 predicted genes, this locus harbors a homolog of the Na'/H" exchanger (pfnhel), with a
polymorphic coding microsatellite (ms4760) associated with quinine susceptibility’. Recently,
new genetic markers of resistance of P. falciparum to artemisinin-based combination treatment
(ACT), Plasmodium falciparum GTP cyclohydrolase I (pfgchl) and Plasmodium falciparum
maurer’s cleft two transmembrane proteins (pfinc-2tm) have been discovered?®.

The objective of this study was to investigate the distribution and diversity of the
genetic polymorphisms of Plasmodium falciparum multidrug resistance protein 1 (pfimrpl),
Plasmodium falciparum sodium hydrogen exchanger 1 (pfnhel), Plasmodium falciparum GTP
cyclohydrolase 1 (pfgchl), and Plasmodium falciparum maurer’s cleft two transmembrane
(pfmc-2tm) in Plasmodium falciparum isolates in Thailand. Ten P. falciparum-infected blood
samples were collected from Mae Sot district, Tak province in 2012 for investigation of the
distribution and diversity of the genetic polymorphisms of these genes by Nested-PCR and
Sequencing.

Materials and Methods

Analysis of genetic polymorphisms of pfmrpl, pfnhel , pfmc-2tm, and pfgchl genes of
Plasmodium falciparum isolates

The analysis of genetic polymorphisms of pfimrpl, pfnhel, pfgchl, and pfmc-2tm genes
were performed in 10 P. falciparum isolates collected from the area of multidrug resistance
along the Thai-Myanmar border Mae Sot district, Tak province of Thailand’.

15-3" Feb 2016 Bangkok, Thailand 28



Conference Proceeding
The 13" Asia Pacific Federation of Pharmacologist (APFP) Meeting

Amplification of pfmrpl single-nucleotide polymorphisms (SNPs): PCR amplification
followed by sequencing was used to detect SNPs in pfmrp at amino acid positions 191 and 437.
The primers pfimrp-501F and pfimrp-1409R (Table 1) were used for amplification and
sequencing. The PCR cycling conditions were as follows: denaturation at 94°C for 2 min,
followed by 40 cycles of 94°C for 30 sec, 52°C for 30 sec, 72°C for 1 min, and then 72°C for
15 min. All PCR products were verified on 1% agarose gels. The amplified fragments were
performed to recover or concentrate DNA fragments (50bp-10kb) from an agarose gel or any
other enzymatic reaction by using a Gel/PCR DNA Fragments Extraction Kit (Gene aid, New
Taipei, Taiwan). The purified DNA was sent to 1 BASE DNA Sequencing Company
(Selangor Darul Ehsan, Malaysia) for sequence analysis.

Amplification of pfnhe-1 microsatellites: A sequence containing the ms4760
microsatellite locus was amplified using pfnhe-3802F and pfnhe-4322R primers (Table 1).
Gene amplification and sequencing followed the previously described procedures for pfinrpl.

Amplification of pfmc-2tm: The pfmc-2tm gene was amplified and sequenced using
pfmc-2tm oligos and pfimc-2tm internal oligos primers (Table 1). Gene amplification and
sequencing followed the previously described procedures for pfinrpl.

Amplification of pfgchl: The pfgchl gene was amplified and sequenced by using
pfgchli-oligos and pfgchl-internal oligos primers (Table 1). Gene amplification and sequencing
followed the previously described procedures for pfmrpl.

Data analysis

The amino acid sequences were aligned using the Gap4 program (version 4.10)
available from http://www.mrclmb.cam.ac.uk/pubseq/ manual/gap4 windows 2.html. For
investigation of the relatedness of the sequences, a Clustal C program was used to create
synonymous  SNPs in  pfmrpl, pfnhel, pfmc-2tm, and pfgchl (ANGIS,
http://www.angis.org.au). Unique DNA sequences described in this paper have been deposited
in the GenBank.

Results

Analysis of genetic polymorphisms of pfmrpl, pfnhel , pfmc-and pfgchl genes of
Plasmodium falciparum isolates

Genetic diversity of pfmrpl gene of P. falciparum malaria: Result of amino acid
sequence analysis of the pfmrpl gene of each isolate was compared to the Accession No.
NC_004325 sequence from the GenBank. The gene consists of 7,109 bp that are translated into
2,369 amino acids. Non-synonymous mutations at position 437 were detected, i.e., from serine
(S) to alanine (A) (S437A) in 9 out of 10 samples (90%).

Genetic diversity of pfnhel gene of P.falciparum malaria: Result of amino acid
sequence analysis of the pfnhel gene of each isolate was compared to the Accession No.
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GQ845118 sequence (318 bp), GQ845119 (312 bp), and GQ465284 (403 bp) from the
GenBank. The amino acid repeats detected were DNNND and NHNDNHNNDDD (Table 2).

Table 1 Primers used for amplification of the pfimrpl, pfnhel'®, pfimmc-2tm, and pfgchl genes

Gene PCR (position) Primer

Sequence (5°-3)

pfmrpl 191,437 pfmrp-501F TTTCAAAGTATTCAGTGGGT
pfmrp-1409R GGCATAATAATTGATGTAAA
pfnhel ms4760 pfnhe-3802F TTATTAAATGAATATAAAGA
microsatellite  pfnhe-4322R TTTTTTATCATTACTAAAGA
locus

pfmc- 965, 1210
2tm

pfmc-2tm oligos*
pfmc-2tm internal
oligos*

AAACACCATCTTTTACCTTTTGAA
AGCATCGTGCTCTTTAACTCC

pfechl 469, 618

pfgchl-oligos™
pfechl-internal
oligos*

ATTTGGATTGTTTCAACGACCT
CATGTCAGGAAAATAACGAGCA

*new designed primer

Table 2 Frequency of the mutations of pfinhel ms4760 haplotypes in 10 P. falciparum isolates

Mutations of pfnhel gene

No.DNNND repeat No. NHNDNHNNDDD repeat No. genotype profile
2 1 ms-6 = 1(10%)
3 1 ms-7 = 9(90%)

Genetic diversity of pfmc-2tm: Result of the amino acid sequence analysis of the pfinc-
2tm gene of each isolate was compared to the Accession No. NC 000910 from the GenBank.
The gene consists of 1,018 bp that are translated into 339 amino acids. The polymorphisms of
the gene in the 9 isolates are shown in Table 3. Analysis of gene mutation in 1 isolate revealed

neither mutation nor wild-type genotype.
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Table 3 Frequency of the mutations of pfinc-2tm gene in 10 P. falciparum isolates

Mutations of pfimc-2tm gene
189 190 192 194 196 197

F=8(88.9%) | 1=6(66.7%) | L=7(77.8%) | F=8(88.9%) | I=7(77.8%) | H=1(11.1%)

Y=1(11.1%) | S=3(33.3%) | S=2(22.2%) | N=1(11.1%) | N=2(22.2%) | Y=8(88.9%)

Genetic diversity of pfgchl: Result of the amino acid sequence analysis of pfgchl was
compared with the Accession No. NC 004,316 from the GenBank. The gene consists of 1,520
bp that are translated into 506 amino acids. All carried wild-type genotype of pfgchl.

Discussion

ACTs remain the most effective treatment for uncomplicated P. falciparum malaria.
Artemisinin derivatives are very effective in rapidly reducing the parasite biomass, and when
combined with an effective partner medicine, they are likely to clear all parasites successfully®.
Recently, artemisinin resistance was found in Cambodia and areas along the Thai-Cambodian
border!!. There has been no confirmed report of artemisinin on the Thai-Myanmar border. The
present study reports on the genetic polymorphisms of pfmrpl1, pfnhel, pfmc-2tm, and pfgchl
genes of P. falciparum isolates collected from Mae Sot district, Tak province, the area of
multidrug resistance P. falciparum. The polymorphism of pfimrpl gene at position 437 was
found at high frequency (90%). For pfihe 1, three repeats of DNNND of the gene were detected
at high frequency (90%). The polymorphism of pfinc-2tm gene at position 197 was detected at
high frequency (89%).

Pfmrpl has been shown to associate with increased susceptibility of P. falciparum to
several antimalarial drugs, including chloroquine, quinine, and artemisinins. The current results
show that all isolates carried Pfmrpl gene consisting of the amino acid histidine (H191) as that
was reported previously in Thailand'?. Furthermore, there was a change in amino acids at the
position 437 (S437A) from serine (S) to alanine (A) in 9 samples (90%) as that was reported
from Cambodian isolates'>. Based on results of a previous study in Thailand isolates, the
F1390I allele significantly modulated the in vitro drug response phenotypes. Carriers of the
F1390 allele were less susceptible to artemisinin, mefloquine and lumefantrine, with average
ICs0’s of 8.96 (60.92), 121.71 (612.17) and 15.56 (61.71) nM, respectively. The ICso’s of the
isolates carrying 13901 allele were 3.30 (60.86), 37.25 (69.31) and 6.08 (61.87) nM,
respectively'®. Mutations of pfinhel was associated with quinine resistance in P. falciparum
isolates in Viet Nam!'. The results showed genotype profile of ms-6 at frequency of 1%
similarly to that found in Vietnam'* and ms-7 at frequency of 9% similarly to that found in
Thailand'?. For ACT resistance, were found non-synonymous mutations of the pfgchl was
found at amino acid positions 189, 190, 192, 194, 196 and 197. Confirmation of these
observations is required in a larger number of P. falciparum isolates.
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Abstract

Re-epithelialisation is a pivotal event in the healing of skin wounds. The purpose of this
study was to investigate the migration effects of standardized extract of Centella asiatica
ECa233 in human skin keratinocyte cells. Cytotoxicity was determined using the MTT assay.
The result showed that exposure to ECa233 at concentration 0, 0.001, 0.01, 0.1, 1, 10 and 100
ng/mL after 24, 48 and 72 h were not affected keratinocyte cells viability when compared to
the control. Moreover, wound-healing assay showed that ECa233 (0.1, 1, and 10 ug/mL)
significantly increased the migration of keratinocyte cells after 48 h. This result indicated that
standardized extract of Centella asiatica ECa233 may promote wound repair by facilitating
keratinocyte cell migration.

Keywords: Centella asiatica, ECa233, wound healing, migration

Introduction

Cutaneous wound healing, a complex biological process, is involving in 3 phases of
inflammation, cell proliferation, and tissue remodeling. Several cell types have been involved
in the process of wound repair, such as keratinocytes, and fibroblasts'. The process of re-
epithelialisation has drawn considerable attention because of its critical for intact epidermal
function. Delays or defects in re-epithelialisation frequently cause a chronic wound and/or non-
healing wound.

Centella asiatica Linn. has long been used in complementary traditional medicine in
order to improve mental clarity, wound healing, and treat skin conditions such as leprosy and
psoriasis®. In addition, C. asiatica contains several bioactive compounds, including asiatic acid,
madecassic acid, asiaticoside, and madecassoside’. Wound healing effects of standardized
extract of C. asiatica ECa233 have been demonstrated in animal model of second degree burn
wound. It has been demonstrated that ECa233 increases cutaneous blood flow* and possess
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anti-inflammatory and antioxidant effect*>. The anti-inflammatory effect of ECa233 has been
shown to effectively decreased myeloperoxidase activity and also reduces tissue damage by
decreased reactive oxygen species production’. As mentioned above, ECa233 has drawn
considerable attention owing to its pharmacological effects related to wound repair such as
wound healing, anti-inflammatory effect and anti-oxidative effect. Therefore, the aim of this
study was to elucidate the effect of standardized extract of C. asiatica ECa233 on keratinocyte
cell migration.

Materials and Methods

Cells culture and reagents

The human keratinocyte cell line (HaCaT) was obtained from the Cell Line Service,
Heidelberg, Germany. The cells were cultured in Dulbecco’s Modified Eagle’s Medium
(DMEM) supplemented with 10 % fetal bovine serum, 2 mM L-glutamine and 1% antibiotics
(100 U/ml penicillin and 100 pg/ml streptomycin) in a humidified atmosphere containing 5 %
CO; at 37°C. Standardized extract of Centella asiatica ECa233 was provided by Associate
Professor Dr. Mayuree Tantisira, Faculty of Pharmaceutical Sciences, Burapha University,
Thailand.

Cell viability assay

Cell viability was determined by 3 - (4,5 - dimethylthiazol-2 - yl)-2 ,5 - diphenyl
tetrazoliumbromide (MTT) assay. Cells were cultured at a density of 1x10* cells/well in a 96
well plate and treated with standardized extract of Centella asiatica ECa233 at 0, 0.001, 0.01,
0.1, 1, 10 and 100 pg/mL for 24, 48 and 72 h. After treatment, MTT solution (5.0 mg/mL) was
added into the well and incubated for 2 h at 37 °C. After removal of the MTT solution, the
formazan crystals were solubilized with DMSO. The intensity of the formazan product was
measured at 570 nm using a microplate reader (Bio-tex, USA).

Cell migration assay

Cell migration was determined using a scratch wound-healing assay. Cells (1.5x10°
cells/well) were grown to a 100% confluent monolayer in a 24-well plate, and a wound spaces
was made by using sterile micropipette tip. Then, the wells were washed with phosphate-
buffered saline and incubated with standardized extract of Centella asiatica ECa233 at 0, 0.1,
1, and 10 pg/mL for 0, 24, 48 and 72 h. The wound spaces were examined using a phase-
contrast microscope fluorescence microscope (Olympus [X71, Japan). The wound closure area
was calculated by using ImageJ program. The data were expressed as % wound closure area
calculated based on the following formula:

% Wound closure area = Wound closure area x 100
Wound closure area (time 0)
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Results

1. Effects of standardized extract of Centella asiatica ECa233 on keratinocyte cell viability

Cells viability was determined using MTT assay. It was shown that standardized extract
of Centella asiatica ECa233 did not significantly decrease keratinocyte cell viability at
concentration 0.001, 0.01, 0.1, 1, 10 and 100 pg/mL after 24, 48 and 72 hours of treatment
when compare to the control (Figure 1).

n
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= 80 A
=
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20 -
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Control 0.001 0.0

Eca233 (ug/mL)

Figure 1. Cytotoxicity effects of standardized extract of Centella asiatica ECa233 in keratinocyte cells.
Cells were treated with various concentrations (0.001-100 ug/mL) of Eca233 for 24, 48 and 72 hour.
Cell viability was determined by the MTT assay. Data shown are mean values £ SEM of four
independent experiments.

2. Effects of standardized extract of Centella asiatica ECa233 on keratinocyte cell
migration

The migration behavior of the human keratinocytes was determined by a scratch
wound-healing assay. After the cells were treated with ECa233 for 24, and 48 h at various
concentrations (0.1-10 pg/mL), ECa233 significantly enhanced the migration of the cells across
the wound space in a dose-and time-dependent manner when compare to the control (Figure
2).
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Figure 2. Effects of standardized extract of Centella asiatica ECa233 on keratinocyte cell migration.
Cells were treated with various concentrations (0.1-10 pg/mL) of Eca233 for 24, and 48 hour. Cell
migration was determined by a scratch wound-healing assay. Data shown are mean values = SEM of
four independent experiments. * P<0.05 compared to the time 0.

Discussion and conclusion

Keratinocyte proliferation and migration is the key processes for normal wound
epithelialisation and restoring barrier function in cutaneous wound’. In this study, we
demonstrated that standardized extract of Centella asiatica ECa233 induces keratinocyte
migration. Treatment of the cells with standardized extract of Centella asiatica ECa233 (0.1,
1, and 10 pg/mL) did not cause significant cytotoxicity and proliferative effects. Thus, the
concentrations of ECa233 at 0.1-10 pg/mL were used in the subsequent migratory experiments.
In the present study, keratinocyte cells were treated with standardized extract of Centella
asiatica ECa233 for 24, 48 and 72 h with various doses (0.1, 1, and 10 pg/mL). Standardized
extract of Centella asiatica ECa233 was found to increase keratinocyte cell migration in dose-
and time-dependent manner. These findings were consistent with those observed in rat*’
reported that ECa233 increased wound repair in incision and burn wound in both normal and

diabetic rats. Thus, our finding supported the wound healing effects of ECa233, of which the

who
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mechanism was to increase keratinocyte cell migration. However, the underlying mechanisms
of ECa 233 on keratinocyte migration will thus important to explore in further study.

In conclusion, this study demonstrated that treatment with standardized extract of
Centella asiatica ECa233 enhanced the motility of the cells across the wound space
keratinocyte cells. Interestingly, our study might provide support for the potential use of
ECa233 as a therapeutic agent on wound-healing.
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Abstract

Wound healing is a complex reaction of the organism to injury. The successful wound
healing requires the execution of three major overlapping phases: inflammation, proliferation,
and remodeling. Reactive oxygen species (ROS) are involved in all phases of wound healing.
It is shown that large amount of ROS, which is called oxidative stress, is harmful to these
processes. The correct balance between oxidative and antioxidative forces is needed for
favorable wound healing. Astaxanthin, a member of the xanthophyll group, is a red-orange
carotenoid. It is recognized as a most powerful antioxidant. In this study, we investigated the
effect of topical astaxanthin on cutaneous wound healing. Full-thickness dermal wound was
done in 36 healthy female mice, then divided into two groups. Mice were treated with topical
astaxanthin 78.9 uM (5% extraction) or vehicle twice daily for 15 days. Wound areas were
determined on daily serial photographs. We found that astaxanthin significantly accelerated
wound closure in treatment mice compared to control group. Astaxanthin treatment improves
wound healing since contraction takes place earlier in astaxanthin-treated in comparison to
vehicle-treated mice by wound area assessment method. These results suggest that astaxanthin
may have an effect on improving cutaneous wound healing.

Keywords: wound healing, astaxanthin, reactive oxygen species

Introduction

Wound healing is a complex reaction of the organism to physical injuries that result in
an opening or break of the skin. Various cell types including leucocytes, keratinocytes,
fibroblasts, and macrophages as well as cytokines are involved in this dynamic process that
results in the closure of the wound and restoration of a barrier function.! Repair of injured
tissues occurs as a sequence of events briefly divided into three overlapping phases
“inflammation, proliferation and remodeling”. In the coagulation and inflammatory phase:
cutaneous injury affecting primarily the epithelial and endothelial compartments, results in
coagulation cascade forming blood clot and the release of proinflammatory mediators. Blood
clot within the vessel lumen provides hemostasis; the clot within the injury site acts as a
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provisional matrix for cell migration, further formation of new extracellular matrix (ECM), a
reservoir for cytokines and growth factors. Inflammatory white cells functions are debridement
of necrotic material and bacteria and production of certain critical cytokines. 24—48 hours after
injury, monocytes replace neutrophils and change to tissue macrophages that phagocytose and
kill bacteria, scavenge tissue debris and release several growth factors stimulating migration
and proliferation of fibroblasts, endothelial cells and keratinocytes and production and
modulation of extracellular matrix, during which “reepithelialization and angiogenesis” of
proliferation/migration phases take place. The remodeling phase begins 5—7 days after injury
to breakdown of excess macromolecules. Cells within the wound are returned to a stable
phenotype and extracellular matrix material is altered.*®

All phases in skin wound healing are involved with reactive oxygen species (ROS).
ROS may promote wound angiogenesis by inducing VEGF expression in wound-related cells
such as keratinocytes and macrophages.” However, excess quantities of such compounds are
dangerous due to their very high reactivity because they may react with various cellular
components such as proteins, lipids, carbohydrates, and DNA. This situation may cause
oxidative damage that are also involved in many natural and pathological processes, including
aging cancer, diabetes mellitus, atherosclerosis, neurological degeneration, angiogenesis, and
metastasis.® Overexposure to ROS is deleterious to wound healing process due to the harmful
effects on cells and tissues.” '° To inhibit wound site injury by oxidative stress, antioxidants
have been applied to balance oxidative stress on the wound sites.!! Kumin et al. reported that
the over expression of peroxiredoxin, which is an antioxidant enzyme that quenchs free radicals
resulted in the enhancement of wound closure in aged mice.!?

Astaxanthin, a biological antioxidant, is a pigment in xanthophylls family, the
oxygenated derivatives of carotenoids whose synthesis in plants derives from lycopene.
Common sources of natural astaxanthin are the green algae Haematococcus pluvialis and the
red yeast Phaffia rhodozyma. It was reported to exhibit strong free radical scavenging activity
and to protect cells against lipid peroxidation and the oxidative damage.'” Lee et al.
demonstrated that astaxanthin inhibited the expression of a number of pro-inflammatory
mediators (such as nitric oxide).!* Also, health benefits such as cardiovascular disease
prevention, immune system boosting, bioactivity against helicobacter pylori, and cataract
prevention were reported.!>!’

The objective of the present study was to evaluate the effect of topical astaxanthin
extract on full-thickness cutaneous wound healing in mice model. We assess the change of
wound area during the process of wound repair.
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Materials and Methods

Drugs

The astaxanthin solution, composed of 78.9 uM (5.0%w/w) of astaxanthin extracted
from Haematococcus pluvialis, was supplied by China Jiangsu International Economic and
Technical Cooperation. The vehicle was Chremophore RH 40 Glycerin.

Animals

Young female Balb/c mice (8-week-old) were procured from the National Laboratory
Animal Center. A total of 36 studied mice were assigned to treatment group (N=18) and control
group (N=18). During the experiments, the animals were housed under Strict hygienic
conventional standard, maintained under controlled environmental conditions (12-hour
light/dark cycle, temperature approximately 23°C), and provided with standard laboratory food
and water ad libitum. Study protocol was approved by Thammasat University’s Animal Ethical
Committee and conducted according to Ethical Principals and Guidelines for the Use of
Animals for Scientific Purpose

Full-thickness wounds were created on the back of mice under sterile conditions. Mice
were anesthetized with inhaled isoflurane before the procedure. After shaving and cleaning
with 70% ethanol, the dorsal skin was picked up and punched through two layers of skin with
a sterile disposable biopsy punch (4 mm in diameter) to generate two wounds on the dorsal
skin. Each wound site was digitally photographed until complete wound closure was observed
as shown in Figure 1.

The wounds were treated topically twice daily with 5% astaxanthin in treatment group
and vehicle in control group (0.025 mL/wound). A digital image of each wound with a scale
was daily recorded. For the wound contraction study, a template containing a 10 mm diameter
circular window was used to standardize the size of each wound and wound areas were
determined on photographs using Adobe Illustrator CS3. Changes in wound areas overtime
were expressed as the percentage of the decrease in wound areas. The mice were humanely
euthanized with 5-8% Isoflurane at experimental end-point.

Statistical analysis was done using SPSS statistic program. The data were expressed as
mean + standard error of the mean (X + SEM). General linear model; ANOVA was conducted
for comparisons. A p value of < 0.05 was considered as significance.
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Figure 1. Wound measurement and analysis. A. On day 0, two circular excisional wounds (4 mm in
diameter) were created in the dorsal skin of female Balb/c mice. B. Each wound site was digitally
photographed at the indicated time intervals, and wound areas were determined on photographs using
Adobe Illustrator software. Changes in wound areas over time were expressed as the percentage of the
area reduction.

Results

The effect of astaxanthin on wound healing was studied in two groups of animal models
(see “Materials and Methods”). Wound areas were analyzed throughout the healing process.
Astaxanthin 5% extract applied topically on the wounds showed significant acceleration of
wound closure which was clearly visible at the 3™ day of the experiment (Figure 2a). On day
9 after wounding, the astaxanthin-treated wounds had already lost their eschars and appeared
fully epithelialized, whereas the wounds of control mice demonstrated only partial
epithelialization and still carried scab. A complete wound closure of control group was
observed by day 12 after the injury. The results of the wound model are presented in Figure 2b.
The mean of original wound area of astaxanthin-treated group was larger than control group
(14.12 mm?vs. 12.72 mm?). On the 1% day post-injury, wound area of astaxanthin-treated group
was maximally decreased to 8.69 mm? (38.46% reduction of the original wound area), whereas
the control group showed slower rate at 14.39% to 10.89 mm?. On day 6 after wounding, the
closure of the wound in astaxanthin-treated group was more pronounced (90% closed with the
remaining wound area of 1.86 mm?) than control group (72.96% closed with the remaining
wound area of 3.44 mm?). Statistical analysis indicated that wound closure in astaxanthin-
treated mice was significantly accelerated as compared with control mice at p value <0.05. A
significant difference between 2 groups has been observed since the second day after operation
and continued until the sixth day.
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Figure 2. Acceleration of wound healing in Astaxanthin treated mice.

(a.) Representative photographs from astaxathin-treated and control mice showing the macroscopic
wound closure on different days post-injury. The size of wounds was determined from photographs.
(b.) At the time points indicated, the wound area was determined using image analysis and expressed
as Mean £+ SEM of astaxanthin-treated-group (1) in comparison with the control group (2), N=18 each.
* : significant decrease as compared to the control group at the same time point.
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Discussion

Wound healing process is regulated by various factors, including cells, growth factors,
cytokines, and hormones. During inflammation, reepithelization, and tissue remodeling, ROS
are involved in all of these phases.'® The proper amounts of ROS play an important role in the
wound healing!® 2°
signaling. When the generation of free radicals exceeds the capacity of the defenses, these
highly active molecules may cause reversible or irreversible cell injury by harmful structural
changes, which is called oxidative stress. In addition to these, several studies have

as they provide defense against invading bacteria and assist in cellular

demonstrated that overexpression of H>O» impairs wound closure, whereas low doses fairly
facilitated closure.'® ?This suggested that the favorable wound healing requires a delicate
balance between oxidative and anti-oxidative forces. Numerous studies have reviewed
antioxidant effect of astaxanthin.?!">* Our study results support that astaxanthin, a powerful
quencher of reactive oxygen and nitrogen species shorten the period of wound healing by
clinical assessment. Significant accelerated healing effects of astaxanthin were observed in the
phase of inflammation and proliferation including formation of granulation tissue and
epithelization. This effect could be mediated by scavengin ROS in the wound resulted in
suppression of inflammation. The main source of ROS during inflammation is NADPH-
oxidase in plasma membrane of neutrophils and macrophages which are major cells in these
phases. Astaxanthin may also suppress expression of adhesion molecules during these
processes leading to inhibition of these inflammatory cells infiltration.'® In addition, Mizuta
and colleagues have demonstrated that during the healing process of vocal fold, the expression
of procollagen type 1 increased significantly in the astaxanthin-treated group.?® Collagen is
essential as a scaffold for wound healing. Therefore, astaxanthin may promote healing through
inducing expression of procollagen type 1. As its strong antioxidant activity contributes to
favorable wound healing, future studies may support the implication of astaxanthin as a novel
redox-based strategy to treat wounds.

Conclusion

In the present study, astaxanthin accelerates healing of full-thickness dermal wounds.
Considering the results obtained, we believe that the astaxanthin extracted from
Haematococcus pluvialis, might become a useful alternative medicine for the cutaneous wound
healing.
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Abstract

Propolis has been relied on numerous therapeutic purposes such as treatment of cold,
ulcer and inflammation. The biological activities and chemical constituents of each type of
propolis mainly depend on geographical regions and on the bee species. In the study, the
propolis from three stingless bee species, Tetragonula pagdeni Schwarz, Lepidotrigona
ventralis Smith, and Lepidotrigona terminata Smith, which are commercially cultivated in
artificial hives in fruit gardens was collected in the same orchard and compared antimicrobial
activity. The active compound from the species that demonstrated the strongest activity were
identified. Gram-positive bacteria: Staphylococcus aureus, gram-negative bacteria:
Escherichia coli, Enterobacter sp., Proteus mirabilis, anaerobic bacteria: Propionibacterium
acnes and pathogenic yeast: Candida albicans were tested. All extracts revealed antimicrobial
activity of S. aureus and P. acnes. The extract of T. pagdeni propolis exhibited the highest
antimicrobial activity with 8 mm and 9 mm of inhibition zone of S. aureus and P. acnes,
respectively at concentration 100 pg/disc. While, the propolis extracts of L. ventralis and L.
terminata at concentration 10 mg/disc demonstrated comparable size of inhibition zone of S.
aureus and P. acnes. The minimal inhibition concentrations of 7. pagdeni extract were 31.25
png/ml against S. aureus and 15.625 pg/ml against P. acnes. Thus, the extract of T. pagdeni
propolis was selected for further identification of the active compound. Alpha-mangostin was
identified as the possible active compound by chromatographic method. In conclusion, 7.
pagdeni propolis extract could be suggested as good source for utilizing as antimicrobial agent
and for further development as pharmaceutical products.

Keywords: Antimicrobial, stingless bees, Propolis, mangosteen

Introduction

Propolis is one of natural products that exhibits extensive pharmacological activity such
as antiviral, antibacterial, antifungal, antioxidant, anti-inflammatory, antitumor activities and
is also listed in the Chinese Pharmacopoeias and London Pharmacopoeias.'? Nevertheless, the
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biological activities and chemical divergence of propolis depend on bee species and the flora
at site of bee collection. For example, propolis from North America and Europe regions’ main
compounds contain mostly cinnamic acids and their esters, flavones, flavanones, while that
from Brazil mainly consist of diterpenic acids, prenylated p-coumaric acids.>* In addition,
different races of honeybees collected at the similar area established varying potency. Stingless
bees: Trigona incisa, Timia apicalis, Trigona fusco-balteata and Trigona fuscibasis, from
Indonesia revealed different degree of cytotoxicity. Apis mellifera caucasica showed a greater
antibacterial activity than Apis mellifera carnica and Apis mellifera anatolica.>®

In Thailand and India, stingless bee propolis is widely applied for the treatment of
maladies such as acne, toothache and inflammation.”® Antimicrobial, antiproliferative and
antioxidant activities of some species of stingless bee propolis were investigated.” However,
the study of propolis from Thai stingless bees, (Tetragonula pagdeni Schwarz, Lepidotrigona
ventralis Smith, and Lepidotrigona terminata Smith), which are commercially cultivated in
artificial hives in fruit gardens and used in several preparations in Thailand, is limited. Thus,
the objective of the present work was to compare antimicrobial effect of propolis from three
stingless bee species in the same area of Thai mangosteen orchard. In addition, the active
compound from the species producing the strongest antimicrobial activity was identified.

Materials and Methods

Propolis sample and preparation

Propolis of Tetragonula pagdeni Schwarz, Lepidotrigona ventralis Smith, and
Lepidotrigona terminata Smith were collected from the mangosteen garden in December from
Makham district, Chanthaburi province, Thailand in 2014, and kept in the dark at 0 °C until
use. The stingless bees were identified by Dr.Chama Inson, Department of Entomology,
Faculty of Agriculture, Kasetsart University. The voucher specimens (Tetragonula pagdeni
No.1214003, Lepidotrigona ventralis No.1214001 and Lepidotrigona terminata No.1214002)
were deposited at Faculty of Pharmaceutical Sciences, Burapha University, Thailand.

Propolis from different bee species (20 g) was separately cleaned and cut into small
pieces and was then sonicated with 80% ethyl alcohol (400 ml) at 40 °C for 30 min. The
suspension was centrifuged at 3,000 g for 5 min at 20 °C. The supernatant was kept while the
pellet was re-extracted using the same procedure. The supernatants were pooled together and
evaporated in a rotary evaporator. Each extract was dewaxed by sonication with 100 ml of
hexane at 40°C for 20 min and centrifuged at 2,000 g for 5 min at 20°C. The supernatant was
discarded while the crude residue was kept and stored in the dark at 0 °C.

Microorganisms

The pathogenic microorganisms used in this study were: gram-positive bacteria
including Staphylococcus aureus, Propionibacterium acnes and gram-negative bacteria
including Escherichia coli, Enterobacter aerogenes ATCCI13048, and Proteus mirabilis.
Important pathogenic yeast, Candida albicans was also used in this study. The bacteria and
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yeast were obtained from Faculty of Allied Health Sciences, Burapha University, Thailand.
Moreover, they were tested with many antibiotics and showed no resistant strains. All strains
were confirmed by cultural and biochemical characteristics and stored at 4°C for further use.
Anaerobic jar was used for the growth of P. acnes in all experiment of the study.

Antimicrobial activities test

Antimicrobial activity of each extract was determined using a modified Kirby-Bauer
disc diffusion method. Briefly, the microorganisms were cultured in nutrient broth (Criterion,
Hardy Diagnostics) at 35-37 °C for 18-24 h, and then collected by centrifugation and washed
with PBS. The cell suspensions were adjusted with McFarland standard no. 0.5 density to
obtain a final concentration of approximately 103 CFU/ml by using densitometer (DEN-1
McFarland Densitometer). After that they were spread onto Muller Hinton Agar (Criterion,
Hardy Diagnostics). The extracts were tested using 6 mm sterilized filter paper discs (GE
Healthcare Life Sciences). Discs were impregnated with 10 pl of the extract in different
concentrations. Incubation was done at 35 °C for 18 — 24 h. Inhibition zone of each extract was
observed and indicated for its antimicrobial activity of the extracts. The diluent of the extracts

(1% DMSO) was used as a negative control. Ampicillin (10 pg/disc), gentamycin (10 pg/disc),
penicillin G (10 Units/disc), chloramphenicol (30 pg/disc), kanamycin (30 pg/disc), and
tetracycline (30 pg/disc) (Oxoid) were served as positive controls for antimicrobial activity.

Broth microdilution test

The minimum inhibitory concentration (MIC) of the extracts was determined using
conventional broth microdilution method according to the CLSI guideline. The extracts were
prepared in Mueller-Hinton broth in different concentrations, and then added into each well of
sterile 96-well microtiter plate (50 pl/well). The adjusted bacterial suspension in Mueller-
Hinton broth was added to each well (50 pl/well). Finally, final concentrations of the extract
of 1 mg/ml to 0.98 ng/ml and final inoculum concentration of 1 x 10> CFU/ml were obtained.
The plate was incubated for 18-24 hours at 35-37°C. A control well containing the growth
medium, the bacteria, and the extract were also set-up. The minimum inhibitory concentration
(MIC) of the extracts was defined as the lowest concentration of the extract that inhibits the
visible bacterial growth.

Separation of active compound by thin-layer chromatography

The propolis extract from Tetragonula pagdeni that exhibited the strongest activity was
selected to separate the bioactive compounds. The crude residue was subjected to column
chromatography (3 x 20 cm, Silica gel (0.063 — 0.200 mm) with 20% ethyl acetate in hexane
as a mobile phase monitored by thin-layer chromatography. The fraction was applied to pTLC
with dichloromethane (triple run) as a mobile phase. The pure compound was dissolved in
99.98% CDCIs (ca. 5 mg in 0.7 ml) and transferred into 5 mm NMR sample tube (Promochem,
Wesel, Germany). Spectra were recorded by the Bruker Topspin software on a Bruker
AVANCE 400 spectrometer (Bruker, Rheinstetten, Germany). The NMR data was compared
with the previous study and reported as alpha-mangostin.
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Table 1. Antimicrobial activity of T. pagdeni propolis extract against microorganisms

Concentration of the T. pagdeni propolis extract (per disc)

Microorganisms Size of inhibition zone (mean + SD)
100 pg 50 pg 10 ng 1% DMSO
S. aureus 80+£0.0mm | 6.7+0.3 mm - -
Propionibacterium acnes | 9.0 £ 0.0 mm - - -

E. coli

Enterobacter aerogenes

Proteus mirabilis

Candida albicans

Table 2. Antimicrobial activity of L. ventralis propolis extract against microorganisms

Concentration of the L. ventralis propolis extract (per disc)

Microorganisms Size of inhibition zone (mean + SD)
20 mg 10 mg I mg | 100 pg 1% DMSO

S. aureus 7.5+ 0.7 mm 7.0 £ 0.0 mm - - -
Propionibacterium 11.0£0.0mm | 9.0+0.0 mm ; ; -
acnes

E. coli - - - - _
Enterobacter aerogenes - - - - -
Proteus mirabilis - - - - _
Candida albicans - - - - -

Table 3. Antimicrobial activity of L. terminata propolis extract against microorganisms

Concentration of the L. terminata propolis extract (per disc)
Microorganisms Size of inhibition zone (mean + SD)

20 mg 10 mg Img | 100 pug | 1% DMSO
S. aureus 10.5+0.7mm | 8.0+ 0.0 mm - - -
Propionibacterium 120£00mm | 80+00mm | - - -
acnes
E. coli - - - - -
Enterobacter i i i i i
aerogenes
Proteus mirabilis - - - - -
Candida albicans - - - - -
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Results

The antimicrobial effect of the extracts

Determination of antimicrobial activity of each extract against S. aureus, P. acnes, E.
coli, Enterobacter aerogenes, P. mirabilis, and C. albicans by disc diffusion method was
measured by measuring the zone of inhibition. One hundred microgram, 50 and 10 pg per disc
of T. pagdeni propolis extract were used for determination of their antimicrobial activities
against those microorganisms. 7. pagdeni propolis at the concentration of 100 pug showed
inhibitory effect against S. aureus and P. acnes, as indicated by the inhibition zone of 8 and 9
mm, respectively. Moreover, the extract at the concentration of 50 pug can inhibit S. aureus
(Table 1).

L. ventralis propolis extract at the concentrations of 20 mg, 10 mg, 1 mg and 100 pg
were tested. The extract at the concentration of 20 and 10 mg showed antibacterial activity
against S. aureus and P. acnes (Table 2). Antibacterial activity against S. aureus expressed as
inhibition zone of 11 and 8 mm was produced by L. terminata propolis at the concentration of
20 and 10 mg, respectively. P. acnes was also inhibited by L. terminata propolis at the same
concentrations of 20 and 10 mg producing inhibition zone of 12 and 8 mm, respectively (Table
3).

T. pagdeni propolis was selected for investigation of minimal inhibition concentration
(MIC) because the species exhibited the strongest activity and extracts of (L. ventralis and L.
terminata) could not be dissolved in the culture media. T. pagdeni propolis extract using 2-fold
serial dilution method ranging from 1 mg/ml to 0.98 pg/ml was tested for MIC value against
the S. aureus and P. acnes. The extract showed MIC of 31.25 pg/ml against S. aureus whereas
it has greater activity against P. acnes by showing MIC of 15.625 pg/ml. The extracts provided
antimicrobial activities in a dose-dependent manner. Moreover, alpha-mangostin, an active
compound identified in 7. pagdeni propolis extract, had antibacterial effect against S. aureus
(inhibition zone of 10 mm) and P. acnes (inhibition zone of 9 mm).

Discussion

Propolis 1s utilized for medicinal and nutraceutical purposes. Most of studies describe
the antimicrobial activity of propolis extract collected by European honey bee, Apis mellifera.
Stingless bee propolis is a kind of propolis collected by stingless bee species, a large group of
eusocial insect, that play a part in plant pollination in tropical regions. However,
pharmacological activity of its propolis needs elucidation.®®

Propolis from some stingless bee species has been suggested to provide strong
antibacterial activity against Gram-positive bacteria, particularly, Staphylococcus strains, but
weaker activity against Gram-negative bacteria. Our study indicated that Thai stingless bee
propolis from mangosteen orchard has antibacterial activity for gram-positive bacteria, S.
aureus and P. acnes, although the extracts at concentration of 20 mg/disc were not effective
against some gram-negative bacteria and fungi. In addition, 7. pagdeni propolis extract
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demonstrated the strongest activity and alpha-mangostin could be one of active compounds
responsible for its antibacterial activity.

Conclusion

This study has suggested that different stingless bee propolis cultivated in mangosteen
orchard may be further developed as antimicrobial agents. Moreover, the propolis extract of 7.
pagdeni provided the strongest antibacterial activities among the extracts studied and alpha-
mangostin could possibly be applied as a marker compound for standardization of the extracts.
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Abstract

Nitrite, a bioactive derivative of nitric oxide (NO), has been shown to reduce pulmonary
artery pressure (PAP), and is under clinical trial for treatment of pulmonary hypertension in
thalassemia. However, the effect of nitrite on oxidative stress has not been reported in humans.
Here, we aimed to examine the effect of inhaled nebulized sodium nitrite (37.5 mg single dose)
on oxidative stress in 7 healthy subjects. Nitrite in whole blood was measured by
chemiluminescence. Thiobarbituric reactive substances (TBARs), markers of lipid
peroxidation, and reduced glutathione (GSH) were determined. The nitrite levels increased
from the baseline (0.14 pM) to the maximum concentration (1.92 uM) immediately after
nebulization, and decreased with the half-life of 30 minutes. TBARSs in plasma and erythrocytes
were unchanged, while the reduced glutathione (GSH) in erythrocytes were also unchanged.
We conclude that nitrite has no effect on oxidative stress. Further study with larger number of
subjects is required to ensure the safety of inhaled nitrite.

Keywords: Oxidative stress, thiobarbituric reactive substances, reduced glutathione

Introduction

Pulmonary hypertension is a life-threatening complication in thalassemia. It is
characterized by restriction of blood flow through the pulmonary arterial circulation.
Nowadays, the evidence-based treatment for pulmonary hypertension in thalassemia is lacking.
Although NO is pulmonary vasodilator effective in pulmonary hypertension, it is unstable gas
and inconvenient for use in this chronic clinical setting. In contrast, nitrite is a stable product
of NO, and converted to NO under hypoxic acidotic condition. Nitrite inhalation can reduce
pulmonary artery pressure in hypoxia-induced pulmonary hypertension in lambs'. Thus, there
is a potential for development of inhaled nitrite as a drug. Inhaled sodium nitrite is currently
under clinical trial for pulmonary hypertension in thalassemia?.
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Nitrite plays an important role in biological functions at the physiological
concentration. Nitrite at high concentrations causes toxicities including hypotension,
methemoglobinemia, and increased oxidative stress®. An in vitro study with sodium nitrite at
high doses reveals an increase in oxidative stress in human erythrocytes. High-dose sodium
nitrite (0.1-10.0 mM) induces oxidative stress in erythrocytes as demonstrated by membrane
damage, protein oxidation, lipid peroxidation, and altered metabolic pathways®. Sodium nitrite
enhances expression of markers of renal oxidative stress in guinea pigs®.

In this study, we aim to investigate the effect of inhaled nitrite at pharmacologic dose
on oxidative stress in healthy volunteers by determination of TBARs and erythrocytic GSH
following nitrite inhalation.

Materials and Methods

Subjects

Three male and four female healthy subjects, average age of 23.27+0.63 years, enrolled
in this study. The study was approved by the Committee on Human Rights Related to Research
Involving Human Subjects from Faculty of Medicine Ramathibodi Hospital, Mahidol
University, Bangkok, Thailand (ID 03-56-27).

Sodium nitrite nebulization

Sodium nitrite solution was prepared by Faculty of Pharmacy, Chulalongkorn
University. Sodium nitrite at 37.5 mg single dose was delivered to subjects by 15-minutes
nebulization using Beurer IH 25/1 nebulizer (Beurer GmbH Company, Ulm, Germany). As
assessed by right heart catherization, the mean pulmonary arterial pressure was reduced during
40-mg sodium nitrite nebulization (unpublished data).

Blood sample collection

Venous blood was collected using ethylenediaminetetraacetic acid ( EDTA) (1.8
mg/mL) as anticoagulant before inhalation, immediately 10 and 60 minutes after inhalation for
oxidative stress markers. The blood was collected at before inhalation, immediately, 30 and 60
minutes after inhalation for measurement of whole blood nitrite levels. Whole blood samples
were centrifuged at 14,000 g, room temperature, for 2 minutes to separate plasma and

erythrocytes.

Determination of nitrite in whole blood

Since nitrite has a short half-life (about 30 minutes), the nitrite-preserving solution
containing 0.8 M ferricyanide, 10 mM N-Ethylmaleimide (NEM), and 1%NP-40° was added
to the whole blood samples. The preserved samples were kept frozen at -80°C within 1 week
until measurement. The samples were deproteinated with ice-cold methanol (1:1 v/v), mixed
for 1 minute, and centrifuged at 14,000 g for 4 minutes at 4°C. Supernatant was injected into
column that contains tri-iodide solution. Nitrite levels were measured by the
Chemiluminescence-NO analyzer (CLD88, ECO Medics, Duernten, Switzerland).
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Determination of TBARs in plasma and erythrocytes

Lipid peroxidation was determined by spectrofluorometry using thiobarbituric acid
assay®. Briefly, plasma was 2.5-fold diluted with deionized-distilled water. Protein in
erythrocyte was precipitated in 10% trichloroacetic acid. Diluted plasma or supernatant of
erythrocyte extract were mixed with 100 mM butylated hydroxytoluene , 10% trichloroacetic
acid, ethylene diaminetetraacetic acid. Then, 1% thiobarbituric acid was added into samples
and incubated at 90°C for 1 hour. TBARs were extracted by 1 mL butanol. TBARs were
determined at 531 nm excitation and 553 nm emission. Tetracthoxypropane was used as a
standard.

Measurement of GSH in erythrocytes

GSH was determined by spectrofluorometry using ophthalaldehyde’. Briefly,
erythrocytes were 24-fold diluted with 0.1 M sodium phosphate-EDTA buffer. Samples were
deproteinated by meta-phosphoric acid. Supernatant was mixed with 100 pul of ophthalaldehyde
and incubated at dark, room temperature for 15 minutes. GSH was determined at 340 nm
excitation and 420 nm emission.

Statistical analysis

Data were expressed as means £ SEM (n=7). Comparison test was done by one-way
analysis of variance (ANOVA) with Tukey's multiple comparison test. P-value < 0.05 was
considered statistically significant.
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Figure 1 Whole blood nitrite levels at time before, immediately after, 30- and 60-minutes after 37.5 mg
sodium nitrite inhalation (n=7) . *Whole blood nitrite levels significantly decreased between baseline
and immediately after nitrite inhalation and between baseline and 30 minutes after inhalation.
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Results

Nitrite in blood

Immediately after 15-minute nebulization of sodium nitrite (37.5 mg), the nitrite levels
in whole blood significantly increased from 0.14 to 1.92 uM (P < 0.05). The whole blood
nitrite levels at 30 minutes after nitrite inhalation also increased than before inhalation (P <

0.05). Afterward, nitrite decreased with half-life of 30 minutes (Figure 1).

Lipid peroxidation in plasma and erythrocytes

TBARs were measured as markers of lipid peroxidation. Inhalation of sodium nitrite
(37.5 mg) had no effect on lipid peroxidation in plasma and erythrocyte (Figure 2a and 2b)
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Figure 2 TBARs levels in plasma (a) and erythrocytes (b) at time before, immediately after 10 and 60-
minutes after 37.5-mg sodium nitrite inhalation (n=7).

GSH in erythrocytes

GSH was measured as antioxidant marker. Sodium nitrite inhalation (37.5 mg) had no
effect on GSH level in erythrocytes (Figure 3).
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Figure 3 Reduced glutathione (GSH) in erythrocytes at time before, immediately after 10 and 60-
minutes after 37.5-mg sodium nitrite inhalation (n=7).

Discussion and Conclusion

Nitrite was reduced to NO that has multiple biological effects including vascular
relaxation® and platelet inhibition’. Nitrite is extensively undergoing clinical investigations for
treatment of cardiovascular disorders such as hypertension'®, pulmonary hypertension!, and
cerebral vasospasm after subarachnoid hemorrhage!!.

One of the concerns is nitrite-induced oxidative stress. Nitrite is converted to NO by
reductase activity of heme-containing proteins. Then, NO may increase oxidative and
nitrosative stress by reacting with superoxide anion (O2") to form toxic peroxynitrite (OONO")
leading to the subsequent decrease in activity of antioxidant enzymes®. An in vitro study
showed that sodium nitrite at 0.1-0.5 mM incubated for 30 minutes induced oxidative damage
to human erythrocytes®. However, the maximum blood nitrite concentration in our study was
1.92 uM which was lower than that of in vitro report. Thus, it is unlikely that nitrite at
pharmacologic dose would increase oxidative stress in vivo.

In our study, 37.5-mg dose of nitrite was chosen because nitrite at 40 mg could reduce
mean pulmonary arterial pressure in thalassemia patient with pulmonary hypertension
(unpublished data). So we demonstrate that sodium nitrite at 37.5-mg single dose is safe
without any change in hemodynamics and has no effect on oxidative stress.

In summary, we provide data to ensure the safety of inhaled sodium nitrite and
encourage its advancement into clinical trial. The long-term effect of nitrite on oxidative
requires further investigation.
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Abstract

Ha-Rak recipe has been used widely in Thailand for relief of fever. Ha-Rak recipe has
been included in the list of herbal medicinal products since 2011 by National Drug Committee
of Thailand. Its extract was found to reduce fever, decrease tissue damage, and reduce pain and
edema in animal studies. However, there is no evidence to support the use of this herbal
medicine in a form of mixed crude herbs as in the list of herbal medicinal products. This study
aimed to investigate the effect of Ayurved Siriraj Ha-Rak recipe (AVS022) powder of the crude
herbs on pain and edema in rats.

Three animal models were used in this study to investigate the effects of AVS022 in
different modalities of inflammation, hotplate test for the thermal pain, formalin test for the
chemical pain, and carrageenan induced paw edema for the swelling. In the hot plate test, the
positive control 10 mg/kg indomethacin, significantly reduced the reaction time to hot plate
test at nearly all time points starting at 75 min after administration. When compared with
vehicle control, oral administration of AVS022 at dose of 300, 1000, or 3000 mg/kg does not
increase reaction time to the thermal stimulus or decrease the licking response to the pain
caused by formalin in early phase (0-5 min). However, all doses of AVS022 significantly
reduced the licking response to the pain caused by formalin in late phase (20-30 min).
Interestingly, the effect of AVS022 on the pain induced by formalin has the same trend with
the effects observed in indomethacin treated group. In carrageenan induced paw edema model,
indomethacin and all doses of AVS022 exhibited the strong and moderate anti-edematous
effect, respectively.

In conclusion, AVS022 possess peripheral analgesic activity in rats. Furthermore, it
possessed anti-edematous effect which may involve the inhibitory effect on inflammatory or
pain mediators. Therefore, the AVS022 may be a potential herbal recipe for analgesic and anti-
edematous activities.

Keywords: Ayurved Siriraj Ha-Rak, pain, edema
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Introduction

Inflammation is the common health problems. The description of acute inflammatory
response in term of cardinal signs are redness, heat, swelling, pain, and loss of function.! The
common drugs used to treat inflammation, non-steroidal anti-inflammatory drugs (NSAIDs)
have many side effects such as gastrointestinal irritation and ulcer, especially from classical
NSAIDs, and increased cardiovascular risk, from selective cyclooxygenase-2 (COX-2)
inhibitors.>"

The use of herbal medicine as the alternative treatment is increasing in Thailand.
However, most of the herbal plants used as medicine are still lacking scientific evidence to
support their efficacy. The Ha-Rak recipe is a traditional medicine that has been indicated for
treatment of fever in the 2011 Thailand Herbal Medicine Essential Drug List for both children
and adults.* Besides oral administration, it can be topically used to treat many inflammatory
skin conditions such as urticarial and dermatitis.>® Moreover, the extraction of Ha-Rak recipe
possessed both antipyretic and anti-nociceptive properties.” The recipe composed of five herbal
dried roots, Ching Chi (Capparis micracantha DC), Thao yaai mom (Clerodendrum petasites
S.Moore), Khonthaa (Harrisonia perforata Merr.), Ma duea chumphon (Ficus racemosa Linn.)
and Ya Nang (Tiliacora triandra Diels.), in equal weight. Its individual component also has
various effects including antipyretics® and anti-inflammation.®! These previous reports
suggested that Ha-Rak recipe may have the pharmacological efficacies similar to NSAIDs,
which have been known to possess analgesic, antipyretics, and anti-inflammation effects.
However, these studies in the literature used combination of hydroethanolic extracts instead of
crude drugs of the root as stated in Thailand Herbal Medicine Essential Drug List. Therefore,
this study investigated the effects of Ayurved Siriraj Ha-Rak recipe (AVS022), as crude drug,
on pain and edema, in order to provide scientific evidence supporting therapeutic use of Thai
herbal medicines in the future.

Materials and Methods

Chemicals and Instruments

A-Carrageenan (C3889, Sigma-Alrich Co., USA.), 37% Formaldehyde solution (F1635,
Sigma-Alrich Co., USA), Indomethacin (Sigma-Alrich Co., USA), Thiopental Sodium for
injection BP (Jagsonpal Pharmaceuticals LTD, India), Plethysmometer (Kent scientific
corporation, USA.), Hot plate (series 8, IITC Life Science, USA.) were used in this experiment.

Plant Materials and Preparation of AVS022

AVS022 powder was prepared by Manufacturing Unit of Herbal Medicines and
Products, Center of Applied Thai Traditional Medicine (CATTM), Faculty of Medicine, Siriraj
Hospital, Mahidol University, Thailand under standard Good Manufacturing Practice. The
plant materials were authenticated by experienced Thai traditional practitioners. Then, they
were underwent crushing to small powder and screening for quality control. Using the dose
translation formula based on body surface area,!! the dosage of AVS022 used in the study was
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calculated, from the 3000-4500 mg/day' dose range in clinical use stated in Thailand Herbal
Medicine Essential Drug List 2011, to be 300, 1000, and 3000 mg/kg/day.

Animal

Male Wistar rats (200-250 g) obtained from the National Laboratory Animal Center,
Mahidol University, Salaya, Nakhon Pathom, Thailand, were used in this study. They were
acclimatized in the environmentally controlled condition, 25 2=+°C and 12 h light/ dark cycle,
for at least 1 week before the experiment. Food and water were given ad libitum unless
otherwise specified. The experimental protocol was approved by Siriraj Animal Care and Use
Committee (SIACUC), Faculty of Medicine Siriraj Hospital, Mahidol University, Bangkok,
Thailand. The rats were divided into 5 groups and received treatment by gastric feeding as
followed;

1. Vehicle control (distilled water 40 ml/kg)'?

2. 300 mg/kg AVS022

3. 1000 mg/kg AVS022

4. 3000 mg/kg AVS022

5. 10 mg/kg positive control indomethacin
Hotplate test

The rats were placed on a hot plate maintained the temperature at 54 °C + 0.5 °C for
the measurement of the latency time of nociceptive responses such as licking of a hind paw at
60, 75,90, 105, 120, 135, 150, 180 and 210 minutes after treatment. Cut-off time for preventing
of the tissue damage was 30 seconds.'*"!> Baseline of latency time response was measured at
60 min before treatment.

Formalin test

At 60 minutes after oral treatment, 100 ul of 2.5% formalin in 0.9% normal saline was
injected subcutaneously to a right hind paw. Time spent licking the injected paw was recorded
and expressed as total licking time in the early phase (0-5 minutes) and the late phase (20-30
minutes) of the formalin injection. !¢

Carrageenan-induced hind paw edema

The initial right hind paw volume of the rats was measured just before the treatment as
baseline. At 1 h after oral treatment, 100 pl of 1% (w/v) carrageenan in 0.9% normal saline
was subcutaneously injected into the subplantar region of the right hind paw.!” The volume of
right hind paw was measured and recorded using a Plethysmometer (Kent scientific
corporation, USA) at 1, 2, 3, 4 and 5 h after carrageenan injection. The data were expressed as
percentage of swelling compared with the baseline hind paw volume of each rat measured just
before the oral treatment. The percentage of edema inhibition were calculated as*

%EIx = EVx of control group-EVx of treatment group x100,
EVx of control group
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where, %EIx is the percentage of edema inhibition at time x of the treatment, and EVx is the
edema volume (ml) at time x which calculated as the increase of paw volume (ml) at time x
from its baseline volume.

Statistical Analysis

The behavioral observation data from hotplate test and formalin test were expressed as
mean = SD. The data from the measurement of paw edema was expressed as mean £ SEM.
Statistical comparison was analyzed by using Two-way analysis of variance (ANOVA) and
Bonferroni post hoc test. The p value of less than 0.05 were considered significant.

Results

Effects of AVS022 on the hotplate test in rats

When compared with vehicle control, AVS022 at dose of 300, 1000 or 3000 mg/kg did
not significantly alter the reaction time at 60, 75, 90, 105, 120, 135, 150, 180 and 210 min after
administration, whereas, the positive control 10 mg/kg indomethacin, significantly increase
latency of nociceptive response to hot plate test at nearly all time points starting at 75 min after
administration (Table 1). Hence, the results indicated that AVS022 did not increase the latency
of nociceptive response for the thermal stimulation by hot plate in rats.

Effects of AVS022 on the formalin test in rats

When compared with vehicle control, treatment of 10 mg/kg indomethacin or AVS022
at dose 300, 1000, or 3000 mg/kg for 60 min did not significantly reduced the licking time (sec)
spent in the early phase (0-5 min) (Figure 1a). However, in the late phase (20-30 min), AVS022
at dose 300, 1000, or 3000 mg/kg significantly decreased the licking time by 45.33%, 29%
and 39.19% , respectively when compared with vehicle control (Figure 1b). This effect was
also seen with 10 mg/kg indomethacin which intensively inhibited the licking time by 65.56%
when compared with vehicle control. The results indicated AVS022 at dose of 300, 1000, or
3000 mg/kg decreased the licking time in late phase (20-30 min) of chemical pain stimulated
by formalin in rats.

Effects of AVS022 on carrageenan-induced hind paw edema in rats

When compared with vehicle control, the standard indomethacin at 10 mg/kg strongly
decreased the hind paw edema at 2, 3, 4 and 5 h after carrageenan injection (Table 2). Although
the effect of AVS022 was not strong as the effect of indomethacin, AVS022 at dose of 300,
1000, or 3000 mg/kg also significantly decreased the hind paw edema at 2, 3, 4 and 5 h after
carrageenan injection (Table 2). Therefore, the results indicated that AVS022 also possessed
the anti-edematous effect against carrageenan.
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Table 1. Analgesic effect of AVS022 on nociceptive response to the thermal stimulus

Latency of nociceptive response (s) at different time interval

Treatment
baseline 0 min 15 min 30 min 45 min 60 min 75 min 90 min 120 min 150 min

CControl 00 043 840273 7894224 8404397 784+357 7984313  645+1.19 7.08+256 6.69+247  6.66+226
distilled water

300 mg/kg

VSeyy.  935+232 781233 9245304 846151 10.79+422 951+441 10194332 878+090 681+186 887+3.76
1,000 mg/kg

AVSeoy . 953+320 756£132 884£086 9694293 8.94+2.89 9514275 9124230 8144203 926+333 7924244
3.000mgkg o4 59 1009%F G900 051 9204276 10.03+2.87 042+371 884+104 827+173 10334227 10.08+4.73

AVS022 233

10 mg/kg . . 1299+ 1272+ 1138+ 11.08+ 1237+
ooy 994285 975251 1141£206° 1184283 12.56+4.18 P ot 330" 387 Py

Latency time of nociceptive response at baseline and at different time after oral administration of 300, 1000, or 3000 mg/kg AVS022, 10 mg/kg
indomethacin, or vehicle control. Data are means + SD (N= 8-15). *p <0.05, **p <0.01, ***p <0.001 versus control.
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Table 2. Anti-edematous effect of AVS022 on carrageenan-induced paw edema

Time after carrageenan injection

Treatment 1h 2h 3h 4 h 5h
EV (ml) | %EI EV (ml) %EI EV (ml) %EI EV (ml) %EI EV (ml) %EI

_ Control 0.067+0.008| - 0.123+0.010 ; 0.167+0.020 ; 0.178+0.020 ; 0.172+0.020 -
(distilled water)

322,‘;’%? 0.032+0.005|52.44 | 0.04620.008*** | 62.28 | 0.082+0.010*** |51.07| 0.087£0.010%** | 51.39 |0.100+0.010%*** | 41.68
1,000 mg/kg

AVS052 0.041£0.007|38.91| 0.067+0.009** |45.46 | 0.086=0.010%** |48.30| 0.084=0.010%** | 52.73 |0.095+£0.010%** | 44.36
3,000 mg/kg ok Fokok ek ok

AVS02 0.040£0.006|40.69 | 0.059+0.008** |52.30 | 0.091+0.010 4524 0.106+0.010 40.55 | 0.105+0.010%* | 38.65
_ 10 mg/kg 0.025+0.005|61.23 | 0.027£0.006%%* | 76.60 | 0.037£0.008*** |77.38| 0.039+0.006*** | 75.79 |0.050+0.009%** | 69.25
indomethacin

Paw edema volume was measured at 1, 2, 3, 4, and 5 h after carrageenan injection in rats treated with oral administration of 300, 1000, or 3000 mg/kg
AVS022, 10 mg/kg indomethacin, or vehicle control at 60 min prior to hind paw carrageenan injection. Data are means = SEM (N= 8-20). “p<0.01 or
**p<0.001 versus control. EV, Edema volume; EI, Edema inhibition.
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Bl 10 mg/kg indomethacin
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@ 1,000 mg/kg AVS022
@ 3,000 mg/kg AVS022
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Time spent in licking (sec)
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Figure 1. Analgesic effect of AVS022 on nociceptive response to the chemical stimulus Response
to chemical stimulus was recorded as licking time spent in (a) early phase or (b) late phase after
treatment with oral administration of 300, 1000, or 3000 mg/kg AVS022, 10 mg/kg indomethacin, or
vehicle control at 60 min prior to subcutaneous formalin injection. Data are means + SD (N= 7-8). *p
<0.05, **p <0.01, ***p <0.001 versus control.

Discussion

Ayurved Siriraj Ha-Rak recipe (AVS022) is a traditional medicine that has been
indicated for treatment of fever in the 2011 Thailand Herbal Medicine Essential Drug List for
both children and adults*. It consists of the equal weight of five Thai herbal roots which are
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Ching Chi (Capparis micracantha DC), Thao yaai mom (Clerodendrum petasites S.Moore),
Khonthaa (Harrisonia perforata Merr.), Ma duea chumphon (Ficus racemosa Linn.) and Ya
Nang (Tiliacora triandra Diels.).

The previous study of the extract of Ha-Rak recipe indicated that it possessed
antipyretic and antinociceptive properties in animal models.”?! Herein, the AVS022 in dried
powder from crushed roots, instead of the extract, is used by oral administration to demonstrate
the analgesic and anti-edematous effects in rats.

The hotplate test measures the response of noxious stimulus. It reflects activity in
thermally sensitive afferent fiber and activity of A§ and C fiber’>?® and is suitable for
identifying centrally, but not peripherally acting analgesic drug. From the result, all doses of
AVS022 do not reduce nociceptive response in hotplate test, so it does not has the effect on
supraspinal activity or central pathway mechanism, which is different from the previous study
of its extract.’

The formalin test is an applicable and reliable model of nociception. There are 2 types
of response, early phase and late phase (second phase). Early phase (0-5 min) is mediated by
the central effect via a direct stimulation of the nociceptors by chemical irritant. Late phase
(10-30 min) response is most likely secondary to development of an inflammatory response
mediated by the peripheral effect via the release of chemical mediators such as histamine,
serotonin, prostaglandin and bradykinin.!®2* Both phases are sensitive to centrally acting drugs
such as opiods,?* but only late phase that is also sensitive to non-steroidal anti-inflammatory
drugs (NSAIDs) and corticosteroids.?* All doses of AVS022 showed analgesic activity only on
late phase of formalin test, suggesting the inhibition of peripheral nociception associated with
inflammatory response, but not the central effect. However, 300 mg/kg of AVS022 decreased
licking time better than 1,000 and 3,000 mg/kg, indicating the bi-phasic dose response®® which
is the result from the effects on different pathways and with the different potency of each
component in the recipe.

The carrageenan induced paw edema is commonly used as an experimental animal
model for acute inflammation. Edema formation due to carrageenan injection in the rat paw is
the biphasic events with initial phase and second phase.?® The initial phase occurs within first
to second hours after carrageenan injection which releases cytoplasmic enzymes and serotonin
from mast cell to increase prostaglandin, histamine and bradykinin in the inflammatory area.’®
27 The second phase occurs 3-5 hours after carrageenan injection. Macrophage stimulated by
dermal tissue injuries, releases much interleukin-1 (IL-1) to induce accumulation of
polymorphonuclear cells (PMNs) in the inflamed area, then leading to the induction of paw
swelling. Other mediators such as prostaglandin, bradykinin, protease and lysosomal enzyme
were also found in the second phase.?’?® All doses of AVS022 inhibited paw edema formation
at 2-5 hours, suggesting that its mechanism of action possibly involves both phases of edema
formation.
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Conclusion

The Ayurved Siriraj Ha-Rak recipe (AVS022) possesses peripheral analgesic activity,
as well as anti-edematous effect. Both of which are probably mediated via inhibitory effect on
the release of pain and/or inflammatory mediators. Therefore, the AVS022 may be a potential
herbal recipe for analgesic and anti-edematous activities.
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Abstract

Borassus flabellifer Linn. or palmyra palm belonging to Arecaceae family has been
reported using male flower, fruit pulp and inflorescence part for hypoglycemic activity in
Thailand and India traditional medicine. There is no scientific proved evidence in animal
diabetic model. This study aimed to evaluate the effect of palmyra palm fruit fiber water extract
(PFWE) on fasting blood glucose (FBG) level in streptozotocin (STZ)-induced diabetic rats.
Male Wistar rats were devided into 7 groups (n=5) which were group 1 normal control, group
2 normal rats orally treated with PEWE 1,000 mg/kg, group 3 diabetic control, group 4 diabetic
orally treated with glibenclamide 1 mg/kg, group 5, 6 and 7 diabetic orally treated with PFWE
500, 1,000 and 2,000 mg/kg, respectively. The animals were induced by STZ 50 mg/kg, i.p.
and fasting blood level >200 mg/dl was the criteria to be diabetic rat. The result showed that
PFWE 500, 1,000 and 2,000 mg/kg, p.o. significantly decreased FBG (p<0.05) after PFWE
treatment for 3 days (136.80+31.54, 122.00+23.87 and 116.40+22.94 mg/dl) compared with
diabetic control (381.00+33.38 mg/dl) while glibenclamide group (325.00+58.73 mg/dl) did
not have effect. We can summarized that PFWE has potential to be hypoglycemic drug, the
mechanism of action and the major composition of PFWE isolation should be explored further.

Keywords: Palmyra palm fruit fiber, diabetes mellitus, fasting blood sugar level
Introduction

Diabetes mellitus, which has become a major health problem around the world, is
categorized as a metabolic disease characterized by increased blood glucose level resulting
from defects in insulin secretion, failure of insulin to act on its targets tissue, or both. India,
China and the United States are the largest number of people with diabetes and the incidence
is increasing day by day.! Currently available therapies for diabetes include exercise, insulin

15-3" Feb 2016 Bangkok, Thailand 69



Conference Proceeding
The 13" Asia Pacific Federation of Pharmacologist (APFP) Meeting

and various oral hypoglycaemic drugs. Although oral drugs have beneficial effects on
promoting insulin secretion from B-cell, increasing insulin sensitivity of target organs,
inhibiting a-glucosidase and increasing GI hormone to provide lowering blood sugar in
diabetes, while they have many side effects and drug resistance would occur after long-term
using.??

Borassus flabellifer Linn. belonging to Arecaceae family, is widely distributed and
cultivated in tropical Asian countries such as Thailand, India, Myanmar, Sri Lanka, etc.* This
plant is traditionally used for treating hyperglycemia including diabetes mellitus in Phra
Nakhon Si Ayutthaya Province (Thailand). The fruit contains a yellow—orange pulp and brown
fiber covering 1-3 nuts. The pulp contains pectin, sugar, carotenoids and numerous steroidal
saponins (flabelliferins).” One of these flabelliferins, termed flabelliferin-1I (tetraglycoside)
was suspected to reduce weight gain in ICR mice® and fruit pulp can significantly inhibit the
expected increase in blood glucose after a glucose challenge, while enhancing the level of
faecal glucose, thus suggesting an inhibition of intestinal glucose uptake.’ For toxicity study,
there is no toxicity of fruit pulp in liver, kidney, hematological parameters and histology of
major organs.® There is no scientific evidence about the effect of B. flabellifer fruit fiber on
blood glucose level. Therefore, this study was objected to investigate the effect of B. flabellifer
fruit fiber on blood glucose level in streptozotocin-induced diabetic rats.

Materials and Methods

Animals

Male Wistar rats, weighting 230-250 g were obtained from the Southern Laboratory
Animal Facility, Faculty of Science, Prince of Songkla University, Hatyai, Songkhla, Thailand.
The animals were housed in the Southern Laboratory Animal Facility with fresh water and
standard food available ad libitum. They were maintained at 12 h light and dark cycles and
with room temperature maintained at 22-25°C in the animal house. The animal protocol was
approved by the Animal Ethics Committee, Prince of Songkla University, Thailand
(No.34/2555)

Preparation of plant extracts

Fruits of B. flabellifer were collected from Sathingpra, Songkhla Province (Thailand).
Fruit fiber were chopped and blended into small pieces. They were extracted repeatedly with
petroleum ether, ethyl acetate, ethanol and water, respectively for 3 days (x 3 times of each).
All filtrates were pooled and the solvent was evaporated by rotary evaporator or hot water bath.
The water extracts of B. flabellifer gave a percentage yield of 30%. The extracted yields were
stored at 4°C until using.

Induction of diabetes mellitus in rats

Diabetes was induced with a streptozotocin (STZ) which was dissolved in cool and
fresh 0.1 M citrate buffer (pH 4.5) at dose of 50 mg/kg, i.p. Diabetes was considered at 4 days
after STZ injection by cutting tail tip and determining the fasting blood glucose (FBG) level
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using a glucometer (Accu-Chek Performa, Roche Diagnostics, Germany). Only animals with
FBG levels above 200 mg/dl were considered to be diabetic rat.

Experimental design

Total of 35 rats were sorted into 7 groups (n=5). Group 1 normal control (non-diabetic)
and received distilled water, Group 2 normal rats and received water extracts of B. flabellifer
(PFWE) 1,000 mg/kg, p.o., Group 3 diabetic control and received distilled water, Group 4
diabetic rats (DM) and received standard drug glibenclamide 1 mg/kg, p.o. Group 5, 6 and 7
diabetic rats and received PFWE 500, 1,000 and 2,000 mg/kg, p.o., respectively. All treatments
of water extracts were continued once daily at 12.00 noon for 3 days. Blood glucose levels
were estimated at day 0 and day 3 of treatment by cutting tail tip and using a glucometer (Accu-
Chek Performa, Roche Diagnostics, Germany).

Statistical analysis

All quantitative data were presented as mean + standard error of the mean (SEM).
Difference between means were analyzed by One-way analysis of variance (ANOVA)
followed by Tukey’s post-hoc test for the comparison between groups. The differences between
groups were considered significant at p<0.05.

Results

In the preliminary experiments, the effect of palmyra palm fruit fiber water extract
(PFWE) 500, 1,000 and 2,000 mg/kg were studied on the fasting blood glucose in normal and
diabetic rats. The results showed that oral administration of PFWE 500, 1,000 and 2,000 mg/kg,
p.o. significantly decreased FBG (p<0.05) after PFWE treatment for 3 days (136.80+31.54,
122.00+£23.87 and 116.40+22.94 mg/dl) when compared with diabetic control (381.00+33.38
mg/dl) while glibenclamide group had FBG level 325.00+58.73 mg/dl, which slightly
decreased blood glucose level however the effect was not significant when compared with
diabetic control group. In addition, normal rats orally received PFWE 1,000 mg/kg showed no
effect on blood glucose level after PFWE treatment for 3 days (106.60+5.46 mg/dl) when
compared with normal control group (117.60+7.17 mg/dl) (figure 1).

Discussion

The chemical induced diabetes mellitus in experimental rats is executed using STZ that
selectively destroys pancreatic B-cells is convenient and simple to use.” STZ causes a
degeneration of B-cells of the islets of langerhans and induces hyperglycemia. The
hypoglycemic activity of palmyra palm fruit fiber water extract (PFWE) has not been reported
previously and its molecular mechanism has not yet been described. In this study, we found
the preliminary antihyperglycemic potency of PFWE. The results show that administration of
PFWE 500, 1,000 and 2,000 mg/kg in diabetic rats caused a significant (p<0.05) reduction in
blood glucose level at 3 days after oral administration. This may be due to the stimulation of
pancreatic -cells for a short duration of insulin release against high blood glucose level by this
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extract, as same as the activity produced by synthetic oral drugs, glibenclamide, which is
responsible for the increase in sensitization and stimulation of B-cells against blood glucose.
But in this study, group treated with glibenclamide 1 mg/kg slightly decreased blood glucose
level however the effect was not significant because glibenclamide provided a delay onset of
its hypoglycemic action and prolonged decrease in blood glucose without any appreciable
effect on the initial glucose treatment. '
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Figure 1. Effect of palmyra palm fruit fiber water extract (PFWE) on fasting blood glucose (FBG) level
after 3 days oral administration in normal and diabetic rats. [Control group (llll ), diabetic group ( &%),
normal rats+PFWE 1,000 mg/kg (£ ), glibenclamide 1 mg/kg ( N\), DM+PFWE 500 mg/kg ( &),
DM+PFWE 1,000 mg/kg ( # ) and DM+PFWE 2,000 mg/kg ( -~ )] Data is expressed as the mean =
SEM (n=5). * indicates significant difference at p<0.05 compared with diabetic control group at the
same time.

Conclusion

The present finding indicates that the palmyra palm fruit fiber water extract is able to
decrease fasting blood glucose in streptozotocin-induced diabetic rats. From this study suggests
that the palmyra palm fruit fiber may have potential pharmacological properties beyond
antidiabetic effects. Further studies, doing long duration experimental model of hypoglycemic
activity, an isolation of principle compounds and other in vivo study to elucidate the mechanism
should be done.
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Abstract

Psoriasis is a common, chronic skin disease affecting approximately 2-3% of the
world’s population. The disease is usually manifested as well-demarcated, erythematous, and
raised oval plaques with silvery scales. Although there is no current cure for psoriasis, several
treatments can minimize symptoms and help control disease. Systemic therapy is considered
the best treatment for moderate to severe psoriasis, which includes conventional systemic,
phototherapy, photochemotherapy (PUVA), and, more recently, biological agents.
Methotrexate is a highly effective therapy for treating moderate to severe plaque-type psoriasis.
This study was to assess the efficacy of methotrexate in treating chronic plaque-type psoriasis.

Methods: This study was conducted at the Department of Dermatology, Thammasat
University Hospital between March and December 2015. Six patients age between 20 and 70,
diagnosed with moderate to severe plaque-type psoriasis with PASI score >10 participated in
the study. Once a week, subjects were given a dose of 7.5-20 mg oral or subcutaneous
methotrexate. Demographic profiles (age of onset, gender), body mass index, smoking habits,
duration of disease, site of lesions, pruritus intensity measured by Visual Analogue Scale
(VAS), severity of disease measured by Psoriasis Area and Severity Index (PASI) score were
recorded before and at the end of treatment. End point clearance was 75% reduction in PASI.

Results: Six patients, four males (66.67%) and two females (33.33%). The mean + SD
age was 46.17 + 21.30 years. Both PASI scores and VAS for pruritus had improved (p < 0.05).
The mean PASI score showed clearance and comparable improvement from a mean 20.70 +
10.79 to 4.72 + 3.08. The mean VAS score of pruritus showed comparable improvement from

amean 5.83 +2.31 t0 0.67 + 0.82. The mean number of weeks required for achieving clearance
(PASI 75) was 12.33 £ 4.63 weeks.

Conclusion: Methotrexate is the mainstay in the standard treatment of moderate to
severe plaque-type psoriasis especially in developing countries due to its cost-effectiveness.
Efficacy of methotrexate provided satisfactory disease improvement and improved quality of
life.

Keywords: plaque psoriasis, psoriasis vulgaris, methotrexate
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Introduction

Psoriasis is a common, chronic, inflammatory immune mediated skin disease affecting
approximately 2 - 3% of the world’s population. The etiology of psoriasis seems to be multi-
factorial including polygenic inheritance, environmental factors, and abnormal immune
responses. Although the disease is rarely life-threatening, it certainly has a significant
undesirable impact on patients’ quality of life, demonstrable by physical, emotional,
psychosocial wellbeing and economic burden.!> ? Both long-term treatment costs and social
costs have a negative impact on health care systems and on society in overall.?

There are several clinical cutaneous manifestations of psoriasis but most commonly the
disease is characterized by classically well-demarcated, symmetrical, erythematous, and raised
round-oval plaques with silvery dry scales that may be painful and/or often pruritic. Plaque
psoriasis is the most common variety that affects around 80% to 90% of patients.>”” The lesions
are predominantly distributed on the scalp, elbows, knees, and lumbosacral area and in the site
of injury or trauma. The Psoriasis Area and Severity Index (PASI) score is a measure of
psoriasis severity that evaluates affected body surface area, erythema, induration, and scale of
psoriatic lesions. Typically, the PASI score is calculated before, during, and after treatment to
determine disease response to the therapy. A 75% reduction in the PASI (PASI 75) is largely
used to assess the effectiveness of any individual therapy in clinical trial.*

The immunopathogenesis of psoriasis is actually complicated. However, several recent
studies have shown that immune system plays an important role; both innate and adaptive
immunity. The dysregulated interactions between immune components and cutaneous cell
types initiate the inflammation cascades. Dendritic cells and T cells are considered as key cell
types, and type I interferon, interferon-gamma, TNF-alpha and interleukin-17 are recognized
as key cytokines, which are the important signatures in psoriatic skin lesions. ¢ 87

Though there is no current cure for psoriasis, various therapies can potentially minimize
the symptoms and help control the disease including topical modalities as the first line
treatment and systemic therapies for the extensive disease. Systemic therapy is considered as
the proper management for moderate to severe psoriasis, which include conventional systemic,
ultraviolet (UV) light therapy, photochemotherapy (PUVA), and, more recently, biological
agents. 10

Recently, biological agents have been used more widely in treating psoriasis. Therefore,
patients have additional options with better efficacy and safety profiles. However, conventional
systemic therapies still play a significant role in treatment of extensive psoriasis in developing
countries because they are effective and affordable. Of all the systemic therapies, methotrexate
is the most commonly used conventional therapy which is highly effective in treating moderate
to severe plaque-type psoriasis.!! Methotrexate is known to competitively inhibits
dihydrofolatereductase enzyme, thus has an antiproliferative effect due to inhibiting DNA

synthesis on psoriatic lesions.'%1
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In 2002, Kumar et al.® reviewed the data that has shown more than 75% improvement
occurred in 88% methotrexate-treated psoriasis patients in 8.5 + 5.1 weeks. Naldi et al.,'*
proposed that methotrexate might reduce the severity of psoriasis by at least 50% in at least
75% of patients. Moreover, in a retrospective study over 26 years by Haaustein et al.,'” the
effect of methotrexate treatment was good in 76%, moderate in 18% and poor in 6% of psoriasis
patients.

In Thailand, there are limitations of psoriasis treatment. The limited availability of
phototherapy devices and the high cost of biological modalities make them inaccessible to
many people. Therefore, this study aims to evaluate the efficacy of methotrexate in the
treatment of chronic plaque-type psoriasis. So that it can be offered as a cost-effective treatment
for psoriasis patients. This clinical trial has never been done in our country.

Materials and Methods

This study was conducted at the Department of Dermatology, Thammasat University
Hospital between March and December 2015. The study was approved by the Ethics
Committee of Thammasat University, and the formal consent was obtained from patients after
they are fully informed of the nature of this study.

Initially the study included all patients age 18 years and above who had been diagnosed
with moderate to severe plaque-type psoriasis. The severity of psoriasis was classified
according to the Psoriasis Area and Severity Index (PASI ;<10=mild, 10-15=moderated,
>15=severe). This study excluded patients taking other treatments for the disease, suffering
from psoriatic arthritis, other autoimmune disease, immunosuppression, cancer, active
infection (e.g. septicemia, tuberculosis, HIV infection), severe hepatic, renal, hematological or
other systemic disorders, and alcoholism. Patients with known history of methotrexate
intolerance and pregnant and lactating women were also excluded.

The diagnosis was made on a clinical manifestation; a history was taken concerning
age, age of onset, family history, occupation, duration of disease, presence and severity of
itching, and history of previous treatment. Physical examination was established regarding the
erythema, scale, thickness, site, and size of the psoriatic plaque. The PASI score evaluation
was conducted with each subject before starting the study and repeated every four weeks until
clearance occurred. Female subjects of reproductive age were counseled to take contraceptive
precautions during methotrexate therapy and one month after stopping the medication. Male
subjects were advised to take the precautions while on methotrexate and three months after
stopping treatment.

Before starting the study, subjects were asked to discontinue any systemic therapy or
phototherapy for at least four weeks, and any topical therapy for at least two weeks. Liver
function tests (LFT), complete blood cell counts (CBC), renal function tests, and HIV-antibody
were conducted prior to initiation of the treatment. CBC and LFT were repeated every two
weeks for the first four weeks and then once every four weeks during the therapy.
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Finally six patients from Out Patients Department of Dermatology (OPD), Thammasat
University Hospital, who had been diagnosed with moderate to severe plaque type psoriasis
fulfilling the inclusion criteria, were included in the study after the informed consent had been
obtained.

Once a week, a dose of between 7.5 and 20 mg of methotrexate was administered either
orally or subcutaneously to each subject. The starting dose was given depending on the
subjects’ weight and severity of disease. The dosage was adjusted according to the clinical
response. A folic acid supplement was given daily to minimize gastrointestinal side effects or
early bone-marrow suppression. As the beginning of the study, baseline data comprising the
PASI scores were obtained for each subject. Subsequently further data were obtained during
monthly follow up. The end point clearance was 75% reduction in PASI score.

The collected data included demographic profile (age of onset, gender), body mass
index, skin type, smoking habits, duration of disease, site of lesions, pruritus intensity measured
by Visual Analogue Scale (VAS), the impact of psoriasis on patient’s quality of life measured
by Dermatology Life Score Index (DLQI) questionnaire, severity of disease measured by PASI
score before and at the end of treatment. Data were analyzed by SPSS version 23 for statistic.
The results were given in form of percentage for qualitative data, mean and standard deviation
for quantitative data. Otherwise, equivalent nonparametric statistics (Wilcoxon signed rank
test) was used.

Results

Six patients, four males (66.67%) and two females (33.33%) age between 20 and 70
(Mean + SD 46.17 + 21.30) who had been diagnosed with plaque type psoriasis with PASI
score >10 were included in the study. Each patient in this study had lesions on scalp and nails
which do not always occur within the population of psoriasis sufferers.

The baseline laboratory parameters were normal in each of the six subjects. None of the
subject in this study showed evidence of contraindications as the result of administration of
methotrexate. Importantly, during the study and in subsequent follow-ups with subjects no
adverse effects arising from the treatment regimen were observed. This included both mild
symptoms and/or serious events which would have led to cessation of treatment.

Table 1 illustrates the demographic data of the subjects. The mean number of body
mass index (BMI) was 26.93 + 8.94. The mean age of onset was 35.0 + 18.95 years. The mean
number of disease duration was 10.18 & 10.93 years.

The results obtained from data analysis revealed that both PASI scores and VAS for
pruritus had improvement with statistical significance (p <0.05). The mean PASI score showed
clearance and comparable improvement from a mean 20.70 &+ 10.79 to 4.72 + 3.08. The mean
VAS score of pruritus showed comparable improvement from a mean 5.83 £ 2.31 to 0.67 £
0.82. The mean DLQI score showed comparable improvement from mean 11.67 +7.39 to 2.67
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+ 1.97. [Tablel]. While A Wilcoxon signed-rank test showed a statistically significant
reduction in PASI score (p = 0.013), in VAS for pruritus (p = 0.013) and in DLQI score (p =

0.015) [Figure2].

Table 1.Demographic profiles on study patients.

Methotrexate (n=6)

Age (years)

Range 20 - 70

Mean + SD 46.17 £ 21.30
Gender

Female (%) 2 (33.33)

Male (%) 4 (66.67)
Mean BMI + SD 26.93 + 8.94
Mean age of onset (years) + SD 35.0 £ 18.95
Mean duration of psoriasis (years) + SD 10.18 = 10.93
Lesion on nails (%) 6 (100)
Lesion on scalp (%) 6 (100)
Family history of psoriasis (%) 3 (50)
PASI score at baseline

Range 10.2 - 38

Mean + SD 20.70 + 10.79
PASI score at the end of MTX treatment

Range 22 -104

Mean + SD 472 £ 3.08

Mean clearance time for psoriasis 12.33 + 4.63

(weeks)
Mean cumulative dose of MTX (mg) + SD
VAS for pruritus at baseline

150.83 + 90.41

Range 2 -8
Mean + SD 5.83 +£ 231

VAS for pruritus at the end of MTX

treatment 0-2
Range 0.67 £ 0.82
Mean + SD

DLQI at baseline 2-20
Range 11.67 +£7.39
Mean + SD

DLQI at the end of MTX treatment 1-6
Range 2.67+1.97
Mean = SD

BMI, body mass index; MTX, methotrexate; PASI, Psoriasis Area and Severity Index; DLQI,

dermatology life quality index.
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Figure 1. Pictures of two subjects with moderate to severe plaque type psoriasis at baseline and at the
75% improvement of PASI score (PASI 75) after initiation of methotrexate therapy. The endpoint
results were achieved after 8 weeks (a) and 10 (b) weeks of treatment.
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Figure 2. Comparison of PASI score (a), VAS score for pruritus (b) and DLQI score (¢) at baseline and
after treatment (PASI 75) with methotrexate in psoriasis patients. Horizontal bars represent the mean.
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Discussion

Psoriasis is a genetic, multi-system chronic disorder that may have extensive impact on
patients’ quality of life, psycho-social morbidity, and social-economic status. From our
experience, most patients with psoriasis require high efficacy, cost effective, rapid control and
ease of administration of therapies.

In a review done by Naldi ez al.,'* management of moderate to severe psoriasis is often

initiated with either narrowband or broadband UVB phototherapy followed by
photochemotherapy or PUVA. However, to be effective phototherapy treatment has to be taken
at least two to three times a week depending on patient preference. According to Lebwohl er
al.,'® the principle of combining, rotational, and sequential treatments is preferred in order to
improve effectiveness and reduce the risk of side effects.

Guidelines issued by Britain’s National Institute for Health and Clinical Excellence’
and Hsu et al.,'” advocate use of methotrexate as the first choice systemic agent for patients
with extensive psoriasis. The authors cited immediately before also note that c yclosporin and
acitretin can effectively control psoriasis in many cases, but use is limited by toxicity and
sometimes sub-optimal efficacy for plaque psoriasis. The results of our study are consistent
with the administration of methotrexate as an effective agent calculated by PASI score before,
during, and after treatment of plaque psoriasis.

An earlier study of Opmeer BC et al.,'® indicated improvement in methotrexate-treated
PASI score from 13.4 £ 3.6 to 5.0 £ 4.5 during treatment of 16 weeks duration. In another study
by Hroch et al.,'” PASI decreased from 24.0 + 8.0 at baseline to 8.0 + 6.1 in treatment regime
of a 110 days duration with 47% of PASI 75. In a more recent study undertaken by Haider et
al.,”® the mean baseline PASI score was 14.8 + 4.2 and at the end of eight weeks treatment it
was 4.9 + 4.3. In our study, the mean PASI score showed improvement (PASI 75) and
comparable improvement from a mean of 20.70 + 10.79 to 4.72 + 3.08 during treatment ranged
from 8 to 20 weeks.

In a retrospective study, Kumar et al.'® reviewed data on 244 psoriasis patients. PASI
75 was achieved in 88% of patients in 8.5 + 5.1 weeks. Sandhu ez al. 2! reported PASI 75 was
achieved in 5.3 weeks with methotrexate-treated patients. In present study, the mean clearance
time for psoriasis (PASI 75) was 12.33 + 4.63 weeks. In comparison, the clearance time in our
study was longer than the two studies mentioned earlier. This may result from the very limit
sample size of only six subjects. Further, result from our study showed the mean VAS for
pruritus improved from 5.83 + 2.31 to 0.67 + 0.82; this may prove to be an interesting finding
about the role of methotrexate in relieving itching symptoms in psoriasis patients.

Once a week, a dose of between 7.5 and 15 mg of methotrexate was administered either
orally or subcutaneously to each subject for the first week depending on psoriasis severity and
patient’s body weight. Guidelines published by Menter et al.!” and Naldi et al.'* recommended
a starting dose of 2.5 to 5 mg due to the risk of adverse effects. However, Montaudie et.al.??
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concluded in their systematic review that the initial dose of methotrexate should be between 5
to 15 mg per week due to dose-dependent response. According to this review, 60% of patients
achieved a PASI 75 within 16 weeks if the starting dose of methotrexate is 15 mg per week.
From the latest RCT-based report published in 201523, the author also suggests a starting dose
of 15 mg per week methotrexate with laboratory control after one week in healthy patients.

Advances in psoriasis treatment continue to this day. Certain type of drugs can interrupt
the specific mechanisms of inflammatory and immune responses that occur during psoriasis
process. A combination therapy of methotrexate and new biological agents appears to be more
advantageous due to the additional or synergistic actions in advanced therapy for psoriasis.'
12,24 Continued clinical use of methotrexate presents an intriguing challenge when dealing in
the context of the new agents, more so, since methotrexate remains an inexpensive medication,
but one with known potential for hepatotoxicity and bone marrow suppression.

In summary, available clinical data show that methotrexate is effective in the treatment
of moderate to severe plaque type psoriasis. Currently, there is no universal standard of
managing patients with extensive psoriasis. The risks and benefits of systemic therapy have to
be weighed cautiously for each patient to achieve optimal psoriasis treatment and minimize
toxicity.

Conclusion

The efficacy of methotrexate leads to marked improvement in psoriasis and thus
improved quality of life. Treatment with methotrexate for moderate to severe plaque-type
psoriasis brings satisfactory disease control especially in developing countries due to cost-
effectiveness. Further studies are needed to assess the role of methotrexate in reducing itching
symptoms in psoriasis patients.

Conflict of interest: The author declares that they have no conflict of interest.
Limitation: This study is not a randomised trial, and the sample size is very small.
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Abstract

Chronic kidney disease (CKD) is associated with an increased bioavailability of drugs
by a poorly understood mechanism. The present study aim to investigate the repercussion of
CKD on major intestinal transporters involved in drug extrusion including P-glycoprotein (P-
gp) and Multidrug resistance-associated protein 2 (Mrp2). Two groups of mice were studied:
CKD and control. CKD was induced by a chronic ischemic reperfusion (I/R) in a mouse model.
The left renal artery was ligated for 50 minutes then right nephrectomy was performed 7 days
afterwards. Twenty eight days later, mice were sacrificed. Serum was harvested to measure
serum creatinine and urea levels using QuantichromTM assay kit. P-gp and Mrp2 mRNA levels
were measured using the real-time polymerase chain reaction. Serum creatinine and urea levels
were significantly higher in the CKD group than control group (p<0.05). When compared the
effect of CKD on intestinal transporters to control group, P-gp mRNA levels was reduced by
73% (p<0.05) in mice with CKD. However, Mrp2 mRNA level remained unchanged. In
conclusion, CKD is associated with a decrease in intestinal transporters involving to drug
extrusion. This reduction could explain the increased bioavailability of drugs in CKD.

Keywords: chronic kidney disease (CKD), mouse, drug transporters, intestine

Introduction

Chronic kidney disease (CKD) is a presence of structural or functional abnormalities of
kidneys or GFR less than 60 ml/min/1.73m? for at least three months.! The incidence of CKD
in Thailand has increased steadily over the past decade.? Patients with CKD has been shown to
significantly reduce the renal clearance and alter bioavailability of drugs predominantly
metabolized by the intestine. Dose adjustment of kidney-excreted drugs is mostly necessary
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adjusted according to the glomerular filtration rate.’ Despite dosage adjustment, CKD patients
still suffer from a great number of drug adverse effects.* Patients with CKD usually require
numerous medicines to control uremic-associated complications. The CKD itself is an
important risk factor for systemic accumulation of drugs and may cause adverse effects or
ineffective therapy. Oral bioavailability, i.e., the quantity of drug reaching the blood
circulation, depends on different factors, such as intestinal drug transport and liver
metabolisms.> The most important intestinal efflux transporters are P-gp and MRP2. However,
very few studies have described the repercussions of CKD on intestinal drug transporters. In
addition, a CKD mouse model induced by ischemic reperfusion (I/R) of one kidney followed
by nephrectomy of the other side of the kidney has not been established. The present study,
therefore evaluated the changes in mRNA expression of major intestinal drug transporters in
an experimental CKD using chronic ischemic reperfusion model.

Materials and Methods

Animal Model

Male ICR mice with age of 6 to 8 weeks and weight of 25 to 40 g were obtained from
the National Laboratory Animal Center, Mahidol University, Salaya, Nakorn Pathom,
Thailand. All animals were housed as 5 animals/cage in the 12:12 light-dark cycle at 2542 °C
at the Faculty of Medicine, Chulalongkorn University’s animal laboratory facilities. Animals
were allowed an acclimatization period of at least 7 days before the experiments. The
experimental protocol was approved by the Ethics Committee for animal study of the Faculty
of medicine, Chulalongkorn University.

Studies were performed in two groups of mice: CKD and control group. The mRNA
expression levels of intestinal drug transporters were measured in 6 mice per group. CKD was
induced by chronic ischemic reperfusion (I/R) model. The left renal artery was ligated for 50
minutes then right nephrectomy was performed 7 days afterwards. The surgical procedures
were done under isoflurane anesthesia. All mice were weighed daily. Twenty eight days after
right nephrectomy operation, CKD mice were sacrificed. Blood and intestinal tissue samples
were harvested. Kidney function was assessed by serum creatinine and serum urea. Serum
creatinine and serum urea was determined by QuantichromTM assay kit (Hayward, CA, USA).

RNA Isolation and Real time RT-PCR Analysis

At the time of sacrifice, whole tissue in part of jejunal was rinsed with ice-cold normal
saline before snap frozen in liquid nitrogen. Samples were kept at -80°C until RNA isolation.
Total RNA was extracted from frozen tissue using TRIzol reagent (Invitrogen, Burlington, ON,
Canada) according to the manufacturer’s instructions. After that, one microgram of total RNA
was used to prepare cDNA using ImProm-II Reverse Transcription System (Promega). The
mRNA encoding for P-gp (mdrla) and Mrp2 was measured by TagMan gene expression assays
from Applied Biosystems (Carlsbad, CA). The expression levels of interested genes in CKD
group were normalized to GAPDH and expressed in relative to those in control group using
the 224°T method.
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Data analysis

The results are expressed as mean + S.E.M. Differences between groups were assessed
using an unpaired Student’s ¢ test or an analysis of variance test. The threshold of significance
was p < 0.05.

Results

Biochemical Parameters and Body Weight in CKD and Control Mice.

Table 1 presents the biochemical parameters and body weight of both CKD and control
groups. Compared with control group, CKD mice had higher levels of serum creatinine
(0.478+0.031 versus 0.295+0.035 mg/dL, p<0.05) and serum urea (45.573+7.660 versus
25.782+1.025 mg/dL, p<0.05). Body weight in CKD mice was significantly reduced with
respect to the control group (32.804+1.126 versus 37.369+0.210 g, p<0.05).

mRNA Expression of Intestinal Drug Transporters in CKD Mice.

Figure 1 shows the results of the analysis of mRNA coding for intestinal transporters.
There was a significant increase in mRNA for the excretion transporters P-gp (73%, p<0.05)
when compared with control, however mRNA expression for the import transporter Mrp2
remained unchanged.

Table 1. Characteristics of CKD mouse and control

Control (n=6) CKD (n=6) p-value
Body weight (g) 37.369+0.61 32.804+1.126 p<0.05
Serum creatinine (mg/dL) 0.295+0.035 0.478+0.031 p<0.05
Serum urea (mg/dL) 25.782+1.025 45.573+£7.660 p<0.05

Values are means + S.E.M.; n= 6/group. CKD, chronic kidney disease.
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Pgp Mrp2

Figure 1. mRNA encoding intestinal drug transporters in CKD (black bars) and control (white bars)
mice were measured by quantitative real-time PCR. mRNA levels of interested genes in CKD mice
normalized to GAPDH were expressed in relative to those in control mice using the 24T method with
GAPDH as a reference gene. The mean relative quantity of control rats was arbitrarily defined as 100%.
Data are the mean+S.E.M. of six animal in each group. *p<0.05 compared with control mice.
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Discussion

Compared to a previous reported of CKD model by Naud J. ®, our model takes a shorter
time for CKD induction, and shows a higher animal survival rate, suggesting that ischemic
reperfusion of one kidney followed by nephrectomy of the other can be a new technique to
develop CKD in vivo.

The purpose of this study was to evaluate the effect of CKD on the mRNA expression
of two intestinal excretion transporters (Pgp and Mrp2). We have developed CKD mice using
a chronic ischemic reperfusion (I/R) model to be used for assessing the effect of CKD on gene
expression of two major intestinal drug efflux transporters. Our results demonstrated that the
mRNA expression of P-gp was significantly reduced in CKD mouse model. Uremic serum in
CKD may lead to the modifications in drug transporters, suggesting that uremic toxins such as
indoxyl sulfate, para-aminohippuric acid, involved in modulation of drug transporters.’
However, we found that Mrp2 mRNA expression was not statistical significance similar to
previously published by Naud J.¢ P-gp was a major excretion intestinal drug transporter. These
findings could explain the increased bioavailability of drugs in CKD patients. CKD alters
intestinal drug transport producing a clinically significant impact on drug disposition and
increasing the risk for adverse drug reactions.

Conclusion

In conclusion, CKD induced a decrease in mRNA expression of P-gp, the most
important intestinal drug efflux transporter, whereas the mRNA expression of Mrp2 remained
unchanged. Our results suggested that reduction in P-gp may play an important role in
accumulation of drugs and increased in drug absorption in patients with CKD.
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Abstract

Bacillus species are the pathogens associated with food poisoning, localized infections
and systemic infections. The existences of such pathogens in various environments arise from
the formation of biofilms. The ability of microorganisms to form biofilms increases the
potential of antibiotic resistance of the bacteria at last. The aim of this study was to evaluate
the antimicrobial and antibiofilm activities of chrysazin, the major bioactive compound found
in Xyris indica Linn., on B. cereus and B. subtilis using in vitro studies. We examined
antibacterial activities using broth microdilution method. MIC values of chrysazin against B.
cereus and B. subtilis were 7.81 and 15.63 pg/ml, respectively. Furthermore, MBC values of
chrysazin against both microorganisms were greater than 500 pg/ml. The results showed
MBC/MIC ratios of chrysazin against both microorganisms were greater than 4. Therefore,
chrysazin was considered to have bacteriostatic effect against both microorganisms. The
antibiofilm potentials of chrysazin were analyzed at various concentrations (1/2-32 MIC) and
chrysazin at highest concentration (32 MIC) showed the maximum inhibition on biofilm
formation with the percentage of inhibition for B. cereus and B. subtilis 77.56% and 73.86%,
respectively. In conclusion, chrysazin had antimicrobial activities against both
microorganisms. In addition, B. cereus was more susceptible to chrysazin than B. subtilis.
Furthermore, chrysazin also has antibiofilm activities against both microorganisms and
inhibitory effects on biofilm formation of chrysazin were concentration dependent manner with
statistically significant (p < 0.05 for each chrysazin concentration comparing to control). This
information may lead to further step for development of antimicrobial drugs in mammals.

Keywords: Chrysazin, Bacillus cereus, Bacillus subtilis, Antimicrobial, Biofilm
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Introduction

Bacillus cereus cause serious and potentially fatal non-gastrointestinal-tract infections
and severe ocular infections.! Bacillus subtilis produces toxin known as subtilisin that causes
hypersensitivity reactions and the oral, dermal and pulmonary acute toxicity. Moreover, it
causes disease in severely immunocompromised patients.? Biofilms of Bacillus species are
recognized as a serious problem and important contaminants in food industry settings.®> The
resistance increasing to antibacterial agents, bioresources have tremendous potential in
providing bioactive compounds for the development of new lead candidates.* In this study, we
investigated chrysazin that is the major bioactive compound found in Xyris indica Linn. for its
antimicrobial activity and inhibitory effect of the biofilm formation on B. cereus and B. subtilis.

Materials and Methods

Inoculum preparation

Inoculums were prepared by streaking B. cereus (ATCC 11778) and B. subtilis (ATCC
6633) on Mueller Hinton Agar (MHA). They were incubated at 37 °C for 24 hours and
transferred to a tube containing 10 mL of normal saline solution. The turbidity was adjusted to
an optical density of 0.08-0.10 at 625 nm, using UV/Visible spectrophotometer (1x108
CFU/ml) and diluted 1:100 with Mueller Hinton Broth (MHB).>

Preparing chrysazin stock solution

Chrysazin stock solution was prepared at 1,000 pg/ml in 10% Dimethyl sulfoxide by
dissolving 0.1 g of chrysazin powder in 10 ml of Dimethyl sulfoxide (99.9% purity, Labscan,
Thailand), then 1 ml of the solution was added in the flask containing normal saline solution 9
ml.

Determination of the minimal inhibitory concentration (MIC) and minimal bactericidal
concentration (MBC)

MICs were determined using a broth microdilution method recommended by the M07-
A9 document.’ The serially diluted 2-folded from chrysazin stock solution 100 uL were added
into a sterile 96 well plate (final concentration ranging from 0.24-500 pg/ml). Then, 100 puL of
bacterial suspension were added (final concentration are 5x10° CFU/ml). All plates were
incubated at 37°C for 24 hours and MIC was defined as the lowest concentration that inhibited
visible growth of the organism. Then, spotted suspension in the wells of MIC and higher
concentrations on MHA and incubated. The lowest concentration that prevents any growth of
bacteria was recorded as the MBC.

Inhibition of biofilm formation assay

Bacterial suspensions were diluted with 1.5% glucose of MHB (1:100). The 96-well
plates were filled with 100 pl of each strain and 100 pl of chrysazin (the concentration at
1/2MIC, MIC, 2MIC, 4MIC, 8MIC, 16MIC and 32MIC). All plates were incubated at 37°C for
24 hours. Then, medium were removed and washed three times with 300 ul of sterile deionized
water (DI). Bacteria were fixed with 250 pl of methanol. Biofilm cells were stained with 250
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ul of 1% crystal violet for 15 min. The adherent cells were extracted with 33% (v/v) glacial
acetic acid. Absorbance of each well was measured at 570 nm using a UV/Visible

spectrophotometer.®

(OD negative control — OD sample)

x 100

% inhibition =

Statistical Analysis

(OD negative control)

Statistical significance between groups was evaluated using one-way ANOVA.

Results

Table 1. In vitro antibacterial activity of chrysazin against B. cereus and B. subtilis

Substances Bacteria MIC MBC MBC/MIC
(ng/ml) (ng/ml)
Chrysazin B. cereus (ATCC 11778) 7.81 >500 >64
Gentamicin (Positive Control) | B. cereus (ATCC 11778) 0.12 0.12 1
Chrysazin B. subtilis (ATCC 6633) 15.63 >500 >32
Gentamicin (Positive Control) | B. subtilis (ATCC 6633) 0.12 0.12 1
Gentamicin (Quality Control) S. aureus (ATCC 29213) 0.06 0.06 1
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Figure 1. The inhibitory effect on the biofilm formation of chrysazin against B. cereus (A) and B.
subtilis (B), Error bars represent the mean + SEM, "p < 0.05.

MIC values of chrysazin against B. cereus and B. subtilis were 7.81 and 15.63 pg/ml,
respectively. Furthermore, MBC values of chrysazin against both microorganisms were greater
than 500 pg/ml. The results showed MBC/MIC ratios of chrysazin against both
microorganisms were greater than 4. The antibiofilm potentials of chrysazin were analyzed at
various concentrations (1/2-32 MIC) and chrysazin at highest concentration (32 MIC) showed
the maximum inhibition on biofilm formation with the percentage of inhibition for B. cereus
and B. subtilis 77.56% and 73.86%, respectively.
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Discussion and Conclusion

The findings of this study indicated that chrysazin had antimicrobial activities against
both microorganisms and B. cereus was more susceptible to chrysazin than B. subtilis. To
determine the action of chrysazin on the bacterial strains by using MBC/MIC ratios. If the ratio
MBC/MIC is equal to 1 or 2, Chrysazin will be considered to have bactericidal effect. If the
ratio is greater than or equal to 4, Chrysazin will be considered to have bacteriostatic effect.’
Therefore, chrysazin possessed not only bacteriostatic effect but also antibiofilm activities
against both B. cereus and B. subtilis whereas inhibitory effects on biofilm formation of
chrysazin were concentration dependent manner with statistically significant (p < 0.05). We,
therefore, suggested that chrysazin has a potential to develop as a new candidate for
antimicrobial drug and antibiofilm agent. However, it should be investigated the antimicrobial
and antibiofilm formation activities on other bacterial strains in the future.
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Abstract

In Thailand more than 275,000 HIV infected patients are receiving antiretroviral drugs
under the National AIDS Program. HIV genotypic resistance testing is performed for patients
with confirmed virologic failure (HIV-1 RNA >2,000 copies/mL) to select the optimal drug
regimen. It is critical that the resistance testing is performed when patients are on treatment to
ensure detection of any resistance mutations selected under drug pressure. Treatment
discontinuation prior to resistance testing can result in the outgrowth of wild-type virus and
thus a decrease or loss of sensitivity to detect the resistant viruses. The Clinical Microbiology
Service Unit (CMSU) at the Faculty of Associated Medical Sciences, Chiang Mai University
provides HIV-1 drug resistance service within the National Health Security Office (NHSO)
program. Approximately 20% of samples tested had no resistance mutations detected. Our
objective was to assess if measuring antiretroviral plasma drug levels prior to HIV-1 resistance
testing can predict the detection of resistance mutations. We performed a retrospective analysis
of plasma samples tested at CMSU for resistance in 2013. Drug resistance genotyping was
performed using the ViroSeq HIV-1 Genotyping System V2.8. Samples of patient receiving
non-nucleoside reverse-transcriptase inhibitors (NNRTIs) or protease inhibitors (PI) plus 2
nucleoside reverse-transcriptase inhibitors (NRTIs) with resistance results available were
selected for drug measurement. NNRTI and PI plasma drug concentrations were determined
using validated reversed-phase high performance liquid chromatography assays. The
sensitivity and specificity of drug concentration measurements to predict the detection of
resistance were determined. Of 138 patients with one sample tested: 102 patients were
receiving a NNRTI-based regimen and 36 were receiving a PI-based regimen. Overall, 48 of
138 (35%) had no detectable drug concentration. Among these samples, 36 (75%) had no drug
resistance mutation detected. In the 90 samples with a detectable drug concentration 19 samples
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had no drug resistance detected. Sensitivity and specificity of detectable drug concentrations
to predict the detection of resistance was 86% and 65%, respectively. The sensitivity and
specificity were 84% and 50% for patients receiving NNRTI and 100% and 76% for those
receiving PL. In conclusion, this preliminary assessment suggests that the detection of plasma
PI drug concentrations may help to predict the detection of Pl-associated resistance mutations
by consensus sequencing in that sample, while for patients receiving NNRTI-based regimen
drug concentrations may be less useful to predict the detection of NNRTI-associated resistance
mutations. Further analyses are needed to confirm the utility of drug measurement to predict
the detection of NNRTI and PI resistance mutations prior to genotype testing.

Keywords: Antiretroviral, Drug measurements, HIV genotypic resistance testing

Introduction

In 2013, the estimated number of people living in Thailand with HIV was 440,000
cases, approximately 1.1% of adults (aged 15-49), and 286,214 patients were receiving HIV
treatment under the National AIDS Program.!? Combination antiretroviral therapy (cART) can
suppress viral replication and enable the body’s immune cells to return to normal levels.

Antiretroviral treatment is provided through several programs in Thailand, including
the National AIDS Program (NAP) under the National Health Security Office (NHSO), and
the Social Welfare Program under the Social Security Office (SSO). Antiretroviral treatment
guidelines have recently changed in Thailand and it is now recommended that adults or
adolescents initiate ART at any level of CD4+ T-cell count.?

A major challenge of HIV treatment is that the HIV genome frequently mutates about
one mutation per round of replication, due to the lack of proofreading activity of the HIV
reverse transcriptase enzyme.’ Viruses resistant to antiretroviral drugs can emerge when the
drug pressure is not sufficient to block viral replication. Poor patient drug adherence and/or
suboptimal drug exposure increases the risk of selecting drug resistance mutations. HIV-1 drug
resistance is the most common cause of therapeutic failure and subsequent HIV disease
progression.

Clinical assessment and laboratory follow-up are important to detect early treatment
failure. Treatment failure can be defined as virological failure, immunologic failure, and/or
clinical progression.* The Thai National Guidelines recommends using virological failure
criteria defined as plasma HIV-1 RNA viral load greater than 200 copies/mL after six months
of antiretroviral treatment.> The National program provides free HIV-1 RNA quantification
tests two times in the first year, then once a year thereafter if plasma viral load is lower than 50
copies/mL.? Continuing a non-suppressive regimen, especially with NNRTI-based regimens,
increase the risk of selecting drug resistance.’’Therefore virologic failure should be identified

15-3" Feb 2016 Bangkok, Thailand 94



Conference Proceeding
The 13" Asia Pacific Federation of Pharmacologist (APFP) Meeting

early to prevent the accumulation of drug resistant associated mutations and preserve future
antiretroviral treatment options.

The Clinical Microbiology Service Unit (CMSU) at the Division of Clinical
Microbiology, Department of Medical Technology, Faculty of Associated Medical Sciences,
Chiang Mai University has been providing a service for HIV-1 drug resistance genotyping
under both the NHSO and SSO programs since 2009. HIV-1 drug resistance genotype
(ViroSeq, Abbott Molecular) is determined and reported to clinicians for clinical management.
Approximately, 3,000 plasma samples from almost 100 hospitals in Thailand (10 provinces)
have been tested at the CMSU. A HIV genotypic resistance test is approximately 200 USD/test.
In 2013-2014, plasma samples from 1,106 HIV-infected patients receiving cCART within the
NHSO program were sent to the CMSU for a HIV-1 drug resistance genotype test and among
these samples 246 (22%) had no HIV drug resistance detected.

HIV-1 drug resistance genotype testing generally requires a HIV-1 RNA level >1000
copies/mL to ensure successful amplification. ? Discontinuation of ART prior to the test will
result in a decrease or loss of sensitivity to detect the resistant viruses due to replication of
wild-type virus. It is possible that detecting the presence of plasma drug concentrations prior
to performing an HIV-1 resistance testing may help ensure that the genotyping is performed
when drug pressure is present to maximize the sensitivity of detecting the presence of drug
resistant viruses.

Our objective was to assess if measuring antiretroviral plasma drug levels prior to HIV-
1 resistance testing can predict the detection of resistance mutations by consensus sequencing.

Materials and Methods

Study Population

We performed a retrospective analysis of plasma drug concentrations in samples sent
to the CMSU for HIV-1 drug resistance testing in 2013. Eligible samples were from HIV-
infected adults with virological failure. Subjects were included in this analysis if receiving
antiretroviral treatment consisting of 2 NRTIs and either a PI or a NNRTI Five drugs,
nevirapine, efavirenz, lopinavir, indinavirand ritonavir were measured.

Blood specimen

All plasma samples were stored at -20°C or -70°C until analysis and identified by a
numeric code.

Ethical Consideration and Approval

The Human Research Protection Committee at the Faculty of Associated Medical
Sciences, Chiang Mai University approved the study on April 30, 2015 (reference number:
AMSEC-58EM-003).
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Determination of Drug resistance mutations

Drug resistance genotyping of the HIV pol gene was performed using the ViroSeq HIV-
1 Genotyping System V2.8 (Abbott Diagnostics, U.S.A.). The HIV sequences were compared
to the CRFO1-AE reference sequence using the Stanford HIVseq program Version 7.0
(http://hivdb.stanford.edu/pages/algs/HIVseq.html).

Definition of level of drug resistance

For this analysis, drug resistance interpretations were classified into 2 groups: (1)
“Presence of drug resistance” -, low-level, intermediate or high-level resistance to specific drug
detected, and (2) “Absence of drug resistance” - if virus remains potential low-level resistance
or susceptible to the specific ARV drug.

Determination of plasma drug level

To quantify nevirapine concentrations in human plasma a validated reversed-phase high
performance liquid chromatography (HPLC) assay with ultraviolet detection was performed.®
Efavirenz, lopinavir, indinavir and ritonavir plasma concentrations were determined using a
validated HPLC assay with ultraviolet detection.’

Quantification of plasma drug concentrations

The calibration curve range was linear over the range 50-15,000 ng/mL for nevirapine,
50-20,000 ng/mL for ritonavir, 100-20,000 ng/mL for efavirenz and lopinavir. The lower limit
of quantification (LLOQ) was 38 ng/mL for indinavir, 50 ng /mL for nevirapine and ritonavir,
100 ng /mL for efavirenz and lopinavir. Samples were classified as “Drug detected” if the drug
concentration was above the LLOQ whereas “No drug detected” was stated if drug
concentration were below the LLOQ.

Results

Plasma samples sent to the CMSU from January to December 2013 were selected for
analysis. The median plasma HIV RNA viral load was 4.19 logio copies/mL (range: 3.31- 6.35
logio copies/mL). Overall, 102 patients were treated with an NNRTI-based regimen (efavirenz
n=35 and nevirapine n=67) while 36 were under PI based regimen of which 100% were
ritonavir boosted (indinavir n=5 and lopinavir n=31).

Forty-eight samples (35%) had drug concentrations below the LLOQ. In this group, no
drug resistance was detected in 35 (73%) samples and 13 (27%) had drug resistance detected
(see Figure 1). Drug concentrations were above the LLOQ in 90 samples (65%). Among these
samples, 71 had drug resistance detected and 19 had no drug resistance detected. The negative
predictive value (NPV) of the presence of drug concentrations above the LLOQ to predict the
detection of drug resistance was 74%; the positive predictive value (PPV) was79%. Sensitivity
and Specificity were 85% and 65% respectively.
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138
Samples
Drug Detected [ No Drug Detected
! }
20 48
(65%) (35%)
71 19 13 35
(79%) (21%) (27%) (73%)
Drug Resistance No Drug Resistance Drug Resistance No Drug Resistance

Figure 1 Summary of drug level measurements result and HIV drug resistance result

A separate analysis was performed based on the drug class. The NPV, PPV, sensitivity
and specificity for subjects receiving NNRTI-based treatment were 43%, 87%, 84% and 50%.
The NPV, PPV, sensitivity and specificity for subjects receiving Pl-based treatment were
100%, 27%, 100% and 76% respectively (see figure 2).

Pl/r
138
Samples
36
PI/r
Drug Detected | No Drug Detected
11 25
(31%) (69%)
3 8 0 25
(27%) (73%) (0%) (100%)

DrugResistance No Drug Resistance Drug Resistance No DrugResistance
Figure 2 Summary of PI/r drug level measurements result and HIV drug resistance result

Discussion

In this pilot study, we assessed if the presence of plasma drug concentration could
predict the detection of HIV drug resistance mutations by consensus sequencing. We tested
138 plasma samples from ART-experienced patients followed within the National AIDS
Program (NAP). Our results showed that 35% of plasma samples had drug below the limit of
detection and among these samples 73% had no drug resistance detected. The negative
predictive value (NPV) was 74%. For subjects receiving Pl-based regimens the negative
predictive value was 100%, suggesting that drug level detection may be more useful to predict
the detection of drug resistance than for patients receiving NNRTIs.
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Antiretroviral drug concentration measurements have been useful in several scenarios
in routine clinical practice.!’ A prospective cohort study in Cameroon compared adherence of
fixed-dose combinations of nevirapine/stavudine/lamivudine using nevirapine plasma level
monitoring and self-report by patients and found that self-reported adherence was significantly
higher than adherence measures by nevirapine level monitoring. The authors concluded that
nevirapine plasma concentration monitoring provides an accurate measurement of adherence
compared to self-report.!! Furthermore, therapeutic drug monitoring (TDM) may serve to
confirm non-adherence in cases of virologic failure without resistance.'?

A limitation of the study is that the sample size is relatively small and further samples,
particularly for the HIV protease inhibitors, are needed in order to make firm conclusions. Of
note, the NRTIs plasma concentrations within the antiretroviral regimen were not quantified;
however, plasma half-life of the NRTIs commonly used is Thailand (i.e. ZDV, 3TC) are
relatively short and undetectable concentrations may not correspond to poor drug adherence.
Also the level measured only reflects recent drug adherence and does provide information on
the long-term drug adherence. Accurate information about timing of food intake, dose intake,
genetic factors, pathological condition and the time of blood collection were not available in
the NAP database. However, based on the plasma elimination half-life of the antiretroviral
drugs measured (NNRTIs and ritonavir-boosted protease inhibitors) it would be expected that
the drug would be detectable within the normal dosing period for an adherence patient.

If the clinical decision is made to perform a HIV drug resistance test it is only useful if
drug pressure is present to maximize the sensitivity of detecting the presence of drug resistant
viruses. If no drug is present the wild-type viruses will likely be detected and it would be a
waste of time (and money) to perform the test. The idea to detect the presence of drug in the
plasma before performing the resistance test may help ensure that the optimal sample is used
for testing and prevent testing samples that will not be interpretable. For example, if no drug is
detected the physician can provide adherence counseling and then request a new samples when
the patient is thought to be more adherent.

Conclusion

In conclusion, this preliminary assessment suggests that the detection of plasma PI drug
concentrations may help to predict the detection of PI-associated drugs resistance by consensus
sequencing in that sample, while for patients receiving NNRTI-based treatment drug
concentrations may be less useful to predict the detection of NNRTI-associated drug resistance.
Further analyses are needed to confirm the utility of drug measurement to predict the detection
of NNRTI and PI resistance mutations prior to genotype testing.
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Abstract

Lopinavir/ritonavir is widely used as part of combination antiretroviral treatment in
HIV-infected adults and children in Thailand. Lopinavir is a HIV protease inhibitor and is
administered with low dose ritonavir to enhance its bioavailability. Antiretroviral drug
measurement can be useful for the clinical management of patients with drug toxicities, drug-
drug interactions, as well as optimization of dosing for pregnant women and young children.
Drug measurements are performed using plasma samples and they require storage and shipping
under frozen conditions. Dried blood spots (DBS) is an alternative sample matrix for drug
measurement as they can be stored at room temperature and shipped in the normal post. We
developed and validated a liquid chromatography-triple quadrupole mass spectrometry (LC-
MS/MS) assay to measure lopinavir and ritonavir from DBS. Sample preparation involved a
liquid-liquid extraction. Chromatographic separation was performed on a Gemini Polar
Reversed Phase C18 column (150 x 2.0 mm ID, S5pum) using a stepwise gradient. The calibration
curve was linear over the range 0.05 to 20 pg/mL. The lower limit of quantification was 0.05
png/mL. The assay average accuracy was 102-112% for lopinavir and 90-112% for ritonavir.
The assay precision (inter- and intra assay) expressed as coefficient of variation (%CV) was
<6% for lopinavir and <9.0% for ritonavir. The recoveries for lopinavir and ritonavir were
82.1% and 102.6%, respectively. Both drugs were stable in DBS stored at room temperature
for at least 3 months. No effect from the sample hematocrit (30-60%) was observed.
Concentrations of lopinavir and ritonavir in paired plasma and DBS samples collected from 50
HIV-infected patients (median age 19 years) during 0.1-12.3 hours after the last doses were
measured using the developed method. Plasma and DBS concentrations for lopinavir and
ritonavir were highly correlated (Pearson correlation r = 0.913 and r =0.952, respectively). The
Bland-Almond plot indicated no proportional bias between the DBS and plasma assays
(p>0.05). However, lopinavir and ritonavir concentrations were 31.6% and 16.4% lower in
DBS than in plasma, respectively. In conclusion, the LC-MS/MS assay validated for the
quantification of lopinavir and ritonavir in DBS is robust, accurate and precise. Lopinavir and
ritonavir concentrations in DBS are lower than plasma. Current target drug concentrations are
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based on plasma concentration thresholds therefore drug concentrations determined from DBS
need to be adjusted to estimate the plasma concentrations before interpretation. Further
analysis of paired DBS-plasma samples is needed to establish an equation to predict plasma
concentrations from DBS concentrations.

Keywords: lopinavir, ritonavir, dried blood spots, LC-MS/MS

Introduction

Lopinavir (LPV) and ritonavir (RTV) are HIV protease inhibitors. Lopinavir and
ritonavir are substrates for cytochrome CYP3A4 and because ritonavir is a potent inhibitor of
CYP3A coadminstration significantly increases the bioavailability of lopinavir. Lopinavir is
coformulated with low dose ritonavir in a single tablet formulation (LPV/RTV 200/50 mg
tablets) and is administered twice daily.

In Thailand, the recommended first-line antiretroviral treatment regimens are composed
of a dual nucleoside reverse transcriptase inhibitor (NRTI) backbone plus non-nucleoside
reverse transcriptase inhibitor (NNRTI), e.g. TDF+3TC plus EFV. This first line regimen is
also recommendation for HIV-infected pregnant women. For patients who cannot take a
NNRTI lopinavir/ritonavir is recommended to replace the NNRTI. Lopinavir/ritonavir is also
recommended as part of antiretroviral drug regimens for children. LPV/rtv is part of the
preferred 1% line regimen for HIV-infected infants less than 3 years of age'.

Therapeutic drug monitoring (TDM) of antiretroviral drugs is not routinely
recommended but can be considered in special clinical circumstances, such as for patients with
renal or hepatic impairment, pregnant women, children and in cases of suspected drug-drug
interactions to maximize efficacy and/or minimize drug toxicity?. Standard drug measurement
methods require plasma samples but this can limit its widespread use as the samples must be
processed (i.e. centrifuge) and then stored and shipped under frozen conditions. Dried blood
spots (DBS) is a possible alternative sample for drug measurement as they can be shipped under
ambient conditions through the standard mail (the dry matrix is considered none pathogenic).
DBS sample collection can also be less invasive and uses smaller blood volumes.
Consequently, drug measurement using DBS is increasingly being used in drug discovery, drug
development, and therapeutic drug monitoring.

The US FDA does not currently accept standalone DBS data as a replacement for liquid
matrices for registration studies. If a bioanalytical method for analyte is already developed for
a liquid matrix, one can usually modify and apply it to DBS. DBS methods must be developed
and validated to meet the same validation acceptance criteria. The comparison of drug
concentrations in DBS and plasma is also required as the current efficacy and toxic
concentrations thresholds for antiretroviral drugs are based on plasma drug concentrations; thus

15-3" Feb 2016 Bangkok, Thailand 101



Conference Proceeding
The 13" Asia Pacific Federation of Pharmacologist (APFP) Meeting

if DBS are to be used as an alternative sample matrix it is important to determine the agreement
between DBS and plasma concentrations to facilitate interpretation®.

Our objectives were to validate a method to determine LPV and RTV concentrations in
dried blood spot using liquid chromatography-triple quadrupole mass spectrometry (LC-
MS/MS) and to compare LPV and RTV concentrations in paired plasma and dried blood spots
samples from HIV-infected patients in Thailand.

Materials and Methods

Chemicals and Reagents

Lopinavir, lopinavir-d8, ritonavir and ritonavir-d6 were obtained from Toronto
Research Chemicals Inc, Canada. Acetronitrile (HPLC grade), Ethyl Acetate and Methanol
(HPLC grade) were obtained from JT. Baker. Acetic acid (glacial) 100% and Ammonium
Acetate were obtained from Merck. The chemical structure of each compound is shown in

Figure 1.
HEC.CH, : s D;C. CDs ©\
j:rn\/\l/\“j\/ﬂ Iy IN \/\l/\ J\/O
(LY \é " ..,;Ij (*\D ij
Lopinavir: C37H4sN4Os Lopinavir-d8: C37H40DsN4Os (Internal Standard for LPV)
[ S)Y
/U\NH/QT W‘INHJ\ /\(\ Q_A\/ \)\/\ ii ‘vo  CDo
crg N\ \f(
Ritonavir: C37HasN¢OsS2 Ritonavir-d6: C37H42DsNeOsS:2 (Internal Standard for RTV)
Figure 1. Structure of the lopinavir, ritonavir and internal standards
Equipment

The quantification of lopinavir and ritonavir in plasma and DBS were analyzed using
liquid chromatography-triple quadrupole mass spectrometry (LC-MS/MS). An Agilent HPLC
1100 series coupled with an Agilent Triple Quad MS 6430 system was used with Mass Hunter
Software for data acquisition.

Chromatographic and Mass Spectrometric Conditions for DBS Assay

The chromatographic and MS conditions were based on a published method to quantify
LPV and RTV in human plasma*. Chromatographic separations were performed on a Gemini
Polar Reversed Phase C18 column (150 mm x 2.0 mm ID, particle size Spum) connected with
Security Guard Cartridges AQ C18: 4.0 mm x 2.0 mm ID, cat no. AJ0-7596. A stepwise
gradient was used at a flow rate of 0.25 mL/min. At time zero the flow consist of 15% mobile
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phase A (100% Methanol) and 85% mobile phase B (10 mM ammonium acetate buffer: 10
mM acetic acid: methanol (43:22:35 %v/v). The percentage of mobile phase A was increased
to 85% from time 0 to 0.1 minutes. The 85% mobile phase A and 15% mobile phase B was
maintained from 0.1 to 10 minutes. At 10.1 minutes the percentage of mobile phase A was
decreased from 85% to 15% and continues to recondition the system with 15% of mobile phase
A and 85% of mobile phase B until 15 minutes. Total run time is 15 minutes. The triple
quadrupole mass spectrometer was operated in positive mode. The source temperature was set
at 350°C. The nebulizer was set at 50 psi (air). The drying gas (N2) was flow at 10 L/min of
gas flow. The multiple reaction monitoring (MRM) mode was used for the quantification
analysis. MRM transitions for each analyte are given in Table 1.

Table 1. MS QQQ Mass Spectrometer Parameters

Analyte Compound | Precursor Ion | Product Ion | Dwell | Frag (V) | CE (V)
LPV 629.80 447.2 50 128 8
LPV-d8 637.86 191.2 50 128 18

Internal Standard Precursor Ion | Product Ion | Dwell | Frag (V) | CE (V)
RTV 721.90 296.1 50 128 16
RTV-d6 727.99 302.2 50 168 14

Preparation of Standard calibration samples, Internal standards and Quality Controls

Stock solutions of all analytes (LVP, LPV-d8, RTV and RTV-d6) were prepared by
dissolving in methanol to make a final concentration of 1.0 mg/mL. The stock solution of LPV
and RTV were diluted with human blank plasma to an intermediate working solution at a
concentration of 100,000 ng/mL. This working solution was further diluted with whole blood
(K2-EDTA) to prepare the calibration samples at nine levels in the range 50 to 20,000 ng/mL.
Internal Quality Control Samples were prepared similarly by diluting the intermediate working
solution in plasma into whole blood (K2-EDTA) to yield three levels: QC low at 150 ng/mL,
QC medium at 1,500 ng/mL and QC High at 16,000 ng/mL. Each calibrator and internal quality
control samples were spotted (50 uL) on separate Whatman Protein Saver 903 Cards. The cards
were dried at room temperature overnight and then stored with a desiccant at -20°C. A working
solution of both internal standards was prepared by mixing spiked stock solutions of LPV-d8
and RTV-d5 into DI water to obtain a final concentration of 500 ng/mL.

Sample Preparation

The extraction procedure was modified based on a previously published assay to
measure NRTIs in DBS®. The entire DBS was cut out using a 1/2-Inch hole punch and place it
into an appropriately labelled 1.5 mL micro tube. 150 pL of the Internal Standard-mixture in
water was added into the micro-tube and then left to equilibrate at room temperature for 10
minutes. After that, methanol was added and the tubes were sonicated for 15 minutes. Ethyl
acetate was then added to each tubes and vortex for 1 minute, followed by centrifugation at
12,000 rpm (16,060xg) for 5 minutes. The supernatant was transferred to a new tube and
evaporated under nitrogen gas. Once the sample was dry it was reconstitution in mobile phase
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B (10 mM ammonium acetate buffer: 10 mM acetic acid: methanol (43:22:35 %v/v). 10 pL of
sample matrix was injected in to the HPLC-MS-QQQ by automatic injector.

Method Validation

The DBS method were validated following the Bioanalytical Method Validation based
on the US FDA® and European Medicines Agency (EMA) guidelines’.

Matrix effect, Percentage recovery and Process Efficiency

Three sets of samples were prepared at three levels low, medium and high. Each set
was prepared in five replicates. Set 1: “No matrix”- analytes and IS were spiked in mobile
phase. Set 2: “Post-extraction”- analytes and IS were spiked in extracted blank whole blood
spotted DBS samples. Set 3: “Pre-extraction” - analytes and IS were spiked in whole blood and
spot on DBS samples and then analyzed. Each replicate was from a different source of blank
DBS. The matrix effect was determined by calculating the ratio of the signal of the Post-
extraction spike/No matrix. The percentage recovery was determined by calculating the ratio
of the signal of the Pre-extraction spike/Post-extraction spike. The process efficiency was
determined by calculating the ratio of the signal of the Pre-extraction spike/No matrix.

Selectivity/Concomitant Medications

Blank plasma sample (matrix sample processed without analyte and internal standard)
from six individual sources and plasma samples from persons receiving both antiretroviral and
non-antiretroviral drugs were analyzed to assess is the presence of interfering compounds.

Inter- and Intra Assay Accuracy and precision

The accuracy and precision of the assay was determined by analysis of spiked DBS
samples with known amounts of antiretroviral drugs at 4 levels of the calibration curve: Lower
Limit of Quantification (LLOQ, 50 ng/mL), Low QC (150 ng/mL), Medium QC (1,500 ng/mL)
and High QC (16,000 ng/mL). Six replicate DBS samples of LLOQ, Low QC, Medium QC
and High QC in 3 separate analytical runs were analyzed.

Carry-over
To determine the possibility of any sample carry-over between sample runs, three

injections of extracted blank DBS samples (DBS from blank whole blood) were run after a run
containing the highest calibration curve standard for each analyte.

Stability

The stability of LPV and RTV under various conditions was determined. The following
tests were performed: the stability of analytes in whole blood at 2-8°C before spotting, the
stability after five freeze/thaw cycles at -20°C and the stability of the extracted diluent in the
autosampler at 4°C for one week.
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The short-term and long-term stability in DBS were also determined: for one week (at

room temperature, at 2-8 °C and at -20 °C) and for three months (at room temperature and at -
20°C).

Hematocrit effect

Hematocrit is currently identified as the single most important parameter influencing
the spread of blood on DBS cards, which could impact the validity of the results generated by
DBS methods, affecting the spot formation, spot size, drying time, homogeneity, and
ultimately, the robustness and reproducibility of the methods. DBS samples were prepared at
low level (QC Low) and high level (QC High) from whole blood with 30% hematocrit and
60% hematocrit then analyzed and compared with the control DBS sets prepared from whole
blood with 45% hematocrit.

DBS spotting, pipette versus calibrated capillary

Even though the exactly volume of blood is used for DBS spotting but the spotting
technique can be affect the validity of the results. The validation of DBS spotting effect was
performed by spotting the DBS with the blood at Low QC and High QC on Whatman 903 filter
paper using a calibrated capillary (50uL) was compared with a control set prepared by using a
micropipette (50uL).

Comparison of the DBS concentrations versus plasma concentrations in HIV-infected
patients

To assess whether lopinavir and ritonavir concentrations in plasma and DBS are similar,
50 paired plasma and DBS samples from HIV infected patients receiving LPV/RTV based
regimen within the PHPT observational cohort study were tested. All samples were identified
by a patient identification code (PID). The study protocol was approved by the Institute for
Development of Human Research Protection (IHRP) committee at the Thai Ministry of Public
health on 05 March 2013. The number of sample size was based on the Clinical and Laboratory
Standards Institute (CLSI) Guidelines for ‘Measurement Procedure Comparison and Bias
Estimation Using Patient Samples’8 stated that a minimum of 40 patient specimens are required
for method comparison and bias estimation. The LC-MS/MS assay to quantify lopinavir and
ritonavir in plasma was served as the ‘standard’ method and the DBS LC-MS/MS assay was
the ‘candidate’ method. The LC-MS/MS assay to quantify lopinavir and ritonavir in plasma
was previously internally validated at the Program for HIV Prevention and Treatment
laboratory, Faculty of Associated Medical Sciences, Chiang Mai University. Lopinavir and
ritonavir were extracted from plasma using protein precipitation and the standard calibration
curve was linear over the range 50 to 20,000 ng/mL for lopinavir and ritonavir.

The comparison of lopinavir and ritonavir concentrations in plasma and dried blood
spots was performed using linear regression analysis and Bland-Altman plots. A statistical
analysis was performed using SPSS Statistic Software (version 22).
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Results

Lopinavir and ritonavir DBS Assay Development

A typical chromatogram showing the MRM chromatographic peak of all analytes are
shown in Figure. 2. The retention times of RTV and LPV were 7.8 and 8.5 minutes,
respectively. The stable-isotope-labeled internal standards (RTV-d6 and LPV-dS8) had the same
retention time as the analytes.

Method Validation

Matrix Effect, Percentage Recovery and Process efficiency

The % matrix effect for RTV and LPV were 93.5% and 120.7%, respectively. The %
matrix effect for internal standards were 93.3% for RTV-d6-IS and 107.5% for LPV-d8-IS.
There was an enhancement matrix effect for LPV and minor suppression for RTV. All analytes
(LPV and RTV) were quantified using the area ratio of analytes and internal standard. The peak
area of the isotopic internal standards has an enhancement for LPV-d8-IS and minor
suppression for RTV-d6-IS, similar to their corresponding analytes. The matrix effect was
considered acceptable: % matrix effect of area ratio for LPV/LPV-d8-IS and RTV/LPV-d6-IS
peak area were 102.1% and 95.7%, respectively. The % recovery and % process effect were
also acceptable for all analytes (Table 2).

Calibration Curves and Lower Limit of Quantification (LLOQ)

The calibration curves over the range 50-20,000 ng/mL for LPV and RTV were plotted
and fitted using 1/x2 weighted linear regression of the peak area ratios (drug peak area/I.S.
peak area) versus concentrations. All the calibration curves showed good linear correlation.
The coefficient of determination (R?) for the calibration curve for lopinavir and ritonavir were
>0.990 and > 0.994, respectively.

The lower limit of quantification (LLOQ) was 50 ng/mL for all analytes. The peak area
response at LLOQ of and RTV were at least 5 times the response compared to blank response.

Inter- and Intra Assay Accuracy and precision

A summary of the assay precision and accuracy results are shown in Table 3. The assay
average accuracy was 102-112% for lopinavir and 90-112% for ritonavir. The assay precision
(inter- and intra assay) expressed as coefficient of variation (%CV) was <5% for lopinavir and
<8.0% for ritonavir (Table 3).
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Figure 2. MRM chromatogram for lopinavir and ritonavir. RTV and RTV-d6-IS peaks were at 7.8
minutes, LPV and LPV-d8-IS peaks at 8.5 minutes.

Table 2. Matrix Effect (ME), Recovery (RE), and Process Efficiency (PE) for LPV and RTV in DBS

Area Ratio

Analyte Validation parameters Analyte IS (Analyte/IS)

Range 96.7-139.3 | 96.2-117.9 92.0-118.2

Matrix Effect (ME) Mean 1207 107.5 102.1

Range 74.7-92.7 | 86.6-101.6 82.5-107.6

LPV Recovery (RE) Mean 821 929 100.4

Range 89.7-109.9 | 97.7-102.1 91.0-96.0

Process efficiency (PE) Mean 97.9 99.3 97.6

R 85.4-96.0 | 86.4-105.7 90.9-113.4
Matrix Effect (ME) ange

Mean 93.5 93.3 95.7

R 97.7-108.7 | 93.1-107.0 98.6 - 105.2
RTV | Recovery (RE) ANge

Mean 102.6 100.9 101.8

Range 92.9-100.4 | 90.0-98.5 95.6-111.8

Process efficiency (PE)

Mean 95.7 93.7 102.7
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TABLE 3. Inter- and Intra Assay Accuracy and precision

Analyte vl Conc. Intra As;ay n=06) - Inter Assa; (n=18)
eve 0 (4 0
(ng/mL) % Accuracy Variation SD Accuracy | Variation SD
LLOQ 50 101.93 -104.04 | 3.11-5.57 1.63-2.84 102.90 4.38 2.25
LPV Low 150 103.03 -109.46 | 0.81-4.82 1.33-7.45 106.67 4.09
Med 1500 108.40 - 109.33 1.54 -4.04 25.04 - 66.01 108.92 2.57
High 16000 109.60 - 111.50 | 1.88-4.94 | 334.30 - 886.95 110.75 3.17 562.49
LLOQ 50 90.18 - 105.59 2.65-5.61 1.20-2.81 98.43 8.04
RTV Low 150 103.92-110.90 | 2.65-5.25 2.87-8.18 107.07 4.23
Med 1500 109.00 - 110.75 1.37 -4.68 22.81 —76.48 110.13 2.94
High 16000 106.74 - 111.54 | 1.72-6.38 | 307.25-1101.95 108.72 431 750.41
Stability

Both LPV and RTV have been shown to be stable in whole blood at 4°C for 24 hours
before spotting and in DBS after freeze thaw for 5 cycles, at 2-8 °C for 1 week and at -20°C
and at room temperature for 3 months. The stability data are shown in Table 4.

Table 4. Stability Data for LPV and RTV in DBS under various conditions and storage

LPV RTV
- .pe Low High Low High
ili ndition
VS;:'Iil:lti(t)fl ﬁgr;ln:e(:el{s % % % % % % % %
mean | CV | mean | CV | mean | CV | mean | CV
diff diff diff diff

In whole blood at 4°C for 24 hours | 105.79 | 3.05 | 95.11 | 7.48 | 107.48 | 3.54 | 92.85 | 7.35
Freeze Thaw 5 cycles 10544 | 7.35| 97.41 | 1.75 | 103.78 | 8.36 | 93.01 | 1.76
In injection matrix at 2-8°C for 1 107.67 | 0.75 | 100.14 | 0.43 | 110.24 | 1.31 | 98.57 | 0.37
week
In DBS at room temperature for 1 109.96 | 2.05 | 108.74 | 4.29 | 110.52 | 3.61 | 103.65 | 5.55
week
In DBS at 2-8°C for 1 week 112.46 | 0.66 | 10596 | 528 | 111.22 | 1.14 | 102.82 | 8.40
In DBS at room temperature for 3 92.19 | 4.55| 97.57 | 5.52 | 9299 | 7.07 | 92.73 | 5.62
months
In DBS at -20°C for 3 months 95.46 | 7.68 | 98.44 | 0.72 | 93.67 | 8.05 | 98.26 | 0.21

The effect from Hematocrit variation and DBS spotting, pipette versus calibrated capillary

There is no effect from hematocrit to the measurement of LPV and RTV in DBS at the
Hematocrit value in between 30-60%. DBS spotting by using calibrated capillary is not
different from using micropipette. Overall results were acceptable. The data are shown in Table

S.
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Table 5. The effect of Hematocrit and DBS preparation technique for LPV and RTV in DBS

LPV RTV
Low High Low High
Variation parameters % % % % % % % %
mean Cv mean Cv mean Cv mean Cv
diff diff diff diff

Hct (30%) 98.09 5.60 98.05 226 | 102.40 | 4.56 99.57 2.72
Het (60%) 98.44 | 441 | 10023 | 3.74 | 10430 | 482 | 99.83 | 4.69
Prepare DBS by using 50 uL
calibrated capillary tube 92.09 226 | 101.93 | 0.79 | 102.15 | 7.28 105.44 0.43

Comparison of DBS and plasma concentrations in HIV-infected patients'3'%15

Concentrations of lopinavir and ritonavir in paired plasma and DBS samples from 50
HIV-infected patients (median age 19 years old) between 0.1 to 12.3 hours post-dose were
determined.

The relationship between drug concentrations in DBS and plasma samples for lopinavir
are shown in Figure 3a and for ritonavir in Figure 3c. Plasma and DBS concentrations for
lopinavir and ritonavir were highly correlated (Pearson correlation r = 0.913 and r =0.952,
respectively), although the DBS concentrations for both lopinavir and ritonavir were lower than
in plasma. The Bland-Almond plot for lopinavir and ritonavir are shown in Figure 3b and
Figure 3d, respectively. The mean percent difference between DBS and plasma [(DBS conc.-
Plasma conc.)/mean%] was 31.6% lower (95% confidence interval (CI): -59.2% to -4.0%;
p=0.378) for lopinavir and 16.4% lower (95% CI: -43.1% to +10.3%; p=0.080) for ritonavir.

Discussion
We reported the validation of a new method for the quantification of lopinavir and

ritonavir in DBS. A new validated method was simple and rapid. The total run time of the assay
is 15 minutes. The assay suppression and matrix background were removed by using two steps
of extraction (precipitation extraction and following with the liquid-liquid extraction). The
assay average accuracy (inter- and intra assay) was 102-112% for lopinavir and 90-112% for
ritonavir. The assay precision (inter- and intra assay) expressed as coefficient of variation
(%CV) was <6.0% for lopinavir and <9.0% for ritonavir. The recoveries for lopinavir and
ritonavir were 82.1% and 102.6%, respectively. Both drugs were stable in DBS stored at room
temperature for at 3 months. Several LC-MS/MS assays for the quantification of lopinavir and
ritonavir in DBS have been reported’ 2 but the impact of different hematocrit values was not
performed as part of the assay validation. A patient’s hematocrit is an important factor for DBS
samples as it can affect the spread of blood on the card and thus the volume of blood per
punched spot, especially when only a ‘partial punch’ hole is used for testing. We observed no
effect of sample hematocrit (30-60%) in the assay developed. In addition, limited data are
available assessing the degree of agreement between lopinavir and ritonavir concentrations
quantified in plasma and in DBS samples. Koal et al’ reported a good correlation (R=0.984)
between antiretroviral drugs concentrations in paired plasma and DBS from 70 patients
(containing either atazanavir, saquinavir, LPV, RTV or efavirenz). Roland et al.'” reported a
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strong correlation between plasma and DBS concentrations in 19 HIV-infected children for
both LPV (R=0.921) and RTV (R=0.877). Despite the strong correlation reported it is also
important to determine the agreement between the two methods to quantify the drug
concentrations.
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Figure 3 (a) Comparison of LPV concentrations measured in DBS versus plasma (b) Bland-Altmand
plot of percent difference between LPV concentrations in DBS (DBS assay) versus with plasma (plasma
assay) (¢) Comparison of RTV concentrations in DBS versus plasma (d) Bland-Altmand plot of percent
difference between RTV concentrations in DBS (DBS assay) versus plasma (plasma assay).

We also found a strong correlation between LPV and RTV concentrations between
DBS and plasma concentrations. The Bland-Almond plots showed there was no proportional
bias (p>0.05) between the DBS and plasma methods. However, lopinavir were 31.6% lower
and ritonavir 16.4% lower in DBS than in plasma. The different drug concentrations in DBS
and plasma could be due to the diffusion of the drug between blood cells and fraction of drug
bound to plasma protein (fbpp). This observed difference between the sample matrixes could
lead to a different interpretation of the result. To confirm that correlation between drug DBS
and plasma concentrations and to establish an equation to predict plasma concentrations from
DBS concentrations a larger number of paired samples from patients (e.g. 100 to 200) should
be assessed. Finally, a limitation of our study was that DBS samples were prepared from a
venous blood sample. Often DBS are prepared from a finger prick and it will be important to
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determine if the drug concentrations in a DBS prepared from a venous or finger prick (i.e.
capillary) are similar.

Conclusion

The validated LC-MS/MS assay for the quantification of lopinavir and ritonavir in
Dried Blood Spots (DBS) was robust, accurate and precise. DBS sample collection is ideal for
neonates and small children as it is less invasive and only requires a small blood volume. In
addition, DBS samples are considered non-infectious so can be shipped by standard post mail
without temperature control. DBS samples are also preferable in remote areas with no
equipment for plasma collection and facilities for sample storage and shipment under frozen
condition.

In paired DBS-plasma samples from HIV-infected patients both lopinavir and ritonavir
concentrations were lower in DBS than in plasma samples. Current efficacy and toxic
antiretroviral concentration thresholds for clinical management are based on plasma drug
concentrations. Thus, DBS results need to be adjusted to estimate the corresponding plasma
concentration before interpretation. Additional paired DBS-plasma samples need to be tested
to establish an equation to predict plasma concentrations from DBS concentrations. The DBS
assay developed can be useful for the clinical management by providing qualitative results or
semi-quantitative results to monitor drug adherence and drug toxicity of the patients.
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Abstract

Acquired resistance to tamoxifen (TAM) is a major clinical problem in patients with
ER-positive breast cancer, since the treatment is very limited. The effects of DHA on the
inhibition of proliferation and migration of ER-positive breast cancer cells (MCF-7) and TAM
resistant breast cancer cells (MCF-7/LCC-2) were investigated. DHA significantly decreased
cell proliferation in the concentration-dependent manner with the IC50 value of 26.89 uM and
36.93 uM at 48 hours after DHA treatment in MCF-7 and MCF-7/LCC-2 cells respectively
which were determined by MTT test. DHA also decreased cell migration in tamoxifen resistant
cells at 1040 puM range determined by scratch assay. The preliminary result obtained from
this study indicated that DHA were able to inhibit cell proliferation and migration in ER-
positive breast cancer cells and tamoxifen resistant cells.

Keywords: dihydroartemisinin, tamoxifen, drug resistance, breast cancer cells, cell
proliferation, cell migration

Introduction

Breast Cancer is the most common cancer in woman all over the world. It is also the
leading cause of death for women in Thailand (1). In addition, 70% of breast cancer patients
are classified as estrogen receptor (ER) positive (2). US national institutes of Health (NIH)
suggests that ER positive breast cancer patients should receive continuous anti-estrogen
therapy for 5 years after the surgery as an adjuvant therapy (3). Tamoxifen, a selective estrogen
receptor modulators (SERMs), is commonly used to treat this particular type of breast cancer.
It competes to bind to estrogen receptor instead of estrogen and prevent cancer cells growth
(4). Although this drug seems to be very promising, 40% of patients developed tamoxifen
resistance after 1-3 years, resulted in increasing chances of cancer cell survival and invasion to
other organs or metastasis (5). The treatment for tamoxifen resistance is very limited due to
few choices of drug available and these drugs also develop resistance later on. Thus, it is crucial
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to find another medication to treat those patients who are tamoxifen resistant to improve
survival rate. The recent study found that dihydroartemisinin (DHA), one of the sesquiterpene
lactones isolated from Artemisia annua, active metabolite of artemisinin, has the anti-malarial
and anti-cancer property by reducing cell growth, tumor progression and metastasis of ER
negative breast cancer cells (6), pancreatic cancer (7) and fibrosarcoma (8). Sesquiterpene
lactones are known to interfere with the activity of NF-kB by alkylating its p65 unit (6). The
previous study shown that NF-kB also involved in tamoxifen resistant mechanism in breast
cancer cells (9). DHA can inhibit proliferation of pancreatic cancer cells by reduced expression
of C-MYC and Cyclin-D gene that involved in cell proliferation and both are ER target genes
(7). Recent reports demonstrated that NF-kB, C-MYC and Cyclin-D associate with drug
resistant mechanism in breast cancer cells and DHA has been shown to inhibit NF-kB, C-MYC
and Cyclin-D genes in other cancer cells. However, the effect of DHA on tamoxifen resistant
breast cancer cells has not been elucidated. Thus, this research serves to study the effect of
DHA on tamoxifen resistant breast cancer cells, in order to develop new therapy for the advance
stage or metastatic ER positive breast cancer patients.

Materials and Methods

Cell culture and reagent

The human breast adenocarcinoma cell line MCF-7 (ATCC, USA) and tamoxifen
resistant breast cancer cell line MCF-7/LCC-2 (Dr. Robert Clarke, Georgetown University
Medical center, Washington DC, USA) were maintained in MEM media and supplemented
with 5% FBS, 1% penicillin and streptomycin, 1% Amphotericin B in a 5% CO; atmosphere
at 37° C. Dihydroartemisinin (DHA) and 4-hydroxytamoxifen (4- OHT) were purchased from
Sigma-Aldrich.

Cell viability assay

Antiproliferation effect were determined by the 3-(4,5-dimethylthiazol-2-yl)-2,5
diphenyltetrazolium bromide (MTT) assay. Cells were seeded in 96-well plates at a density of 5000
cells per well. After 24 hours, cells were treated to varying concentrations of DHA (6.25, 12.5, 25, 50,
100 uM). MTT (5 mg/ml) was added to each well after DHA treatment for 48 hours and then MTT was
aspirated and 100 uL. of dimethyl sulfoxide (DMSO) was added to the cells and dissolved the blue
formazan crystals. The absorbance was obtained from microplate reader at a wavelength of 570 nm.
Percentage of cell viability by was calculated using the following formula:

o ODsample — ODblank
% cell viability = (ODcontrol - ODblank) * 100
Scratch assay

To determine the effect of DHA on cell migration, cells were seeded in 6-well plates at
a density of 500,000 cells per well. After 24 hours, three straight scratches were made with a
P200 pl pipette tip to create a wound. The cell debris was removed by washing with serum free

15-3" Feb 2016 Bangkok, Thailand 114



Conference Proceeding
The 13" Asia Pacific Federation of Pharmacologist (APFP) Meeting

medium. After that, MCF-7/LCC-2 cells were treated with DHA in various concentration of
10, 20, 40 uM and 0.2% DMSO was used as a control for 48 hours. Digital images of cells was
captured by a phase contrast microscope at 0, 24 and 48 hours after scratching. Scratch area
was measured using ImageJ software (National Institutes of Health, Bethesda, MD, USA).
Percentage of wound closure was calculated using the following formula:

migrated cell surface area

% wound closure = ( ) x 100

total surface area

Statistical Analysis

The results are expressed as mean + S.E.M. Differences between groups were assessed
by using an ANOVA test. The threshold of significance is p < 0.05

Results

DHA inhibited cell proliferation in ER-positive and tamoxifen resistant cells.

The inhibition of cell proliferation was investigated by MTT assay. The viability was
assessed at 48 hours after the treatment with DHA in 5 concentrations (6.25, 12.5, 25, 50, 100
uM). DHA treatment exhibited statistically significant in the inhibition of cell proliferation in
dose dependent manner (figurel). The IC50 values of DHA in MCF-7, MCF-7/LCC-2 at 48
hours were 29.06 uM and 36.93 uM respectively.

MTT test 48 h.

120

100 II**I
80 1 .

40 * *
20 =

% Relative cell viability

0 6.25 12.5 25 50 100
concentration of DHA (uM)

MCF-7 m LCC-2
Figure 1. Effect of DHA on cell viability in wild type (MCF-7) and tamoxifen resistant breast cells
(MCF-7/LCC-2). The percentage of cell viability of MCF-7, MCF-7/LCC-2 cells after the treatment

with DHA at concentration 6.25-100 uM for 48 hours. Each value represented the mean = S.E.M. (n=3).
*p<0.05. Data are the representative of three independent experiments.
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DHA inhibited cell migration in tamoxifen resistant cells

Since DHA has been shown to inhibit cell migration in fibrosarcoma HT1080 cells (10)
and human umbilical vein endothelial (HUVE) cells (11), scratch assay was carried out to
observe the effect of DHA on cell migration as shown in figure 2. The result of the study after
treatment with DHA for 24 and 48 hours shown that the percentage of wound closure was
significantly decreased when compare with the control group. At 24 hours after treatment with
DHA in concentration 0 (used 0.2% DMSO as control group), 10, 20 and 40 uM, the percentage
of wound closure were 22.45, 11.4, 7.84, 6.59 respectively. The result of the same
concentration at 48 hours after treatment with DHA shown that the wound closure percent were
34.07,27.2, 11.27, 7.98 respectively. The recent study shown that the higher concentration of
DHA was related to the less percent wound closure when the time changing from 24 to 48
hours.

Discussion

Breast cancer is one of the most common types of cancer in female worldwide. Thus,
the development of novel drug to improve patient quality of life is urgently required. DHA is
currently used as anti-malarial drug. The anticancer properties of DHA have been studied since
its identification. DHA have been demonstrated to induced cell cycle arrest or apoptosis in
various tumor cell types such as pancreatic cancer (7). However, the effect of DHA in ER
positive breast cancer has not been studied. Our recent study observed that DHA had anti-
proliferation effect on ER-positive breast cancer cells (MCF-7) and tamoxifen resistant breast
cells (MCF-7/LCC-2) by reducing the percentage of cell viability after the treatment with DHA
in various concentrations for 48 hours. DHA can inhibit cell proliferation of MCF-7 cell lines
in time and dose dependent manner. Due to the characteristic of MCF-7 cells which are non-
invasive, we tested ability of DHA in the inhibition of migration only in more invasive MCF-
7/LCC-2 cells. As the drug concentration gradually increased, the migration distance of MCF-
7/LCC-2 cells was shortened, indicating the gradual decrease in the migration ability of MCF-
7/LCC-2 cells. Thus, DHA can inhibit cell migration in MCF-7/LCC-2.However, this method
was used for screening the effect of DHA in migration process and the result of this study may
result from proliferation process of the cells. Invasion assay and the expression of genes
involved in cell invasion should be performed to confirm this effect.
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Figure 2. Effect of DHA on cell migration in tamoxifen resistant breast cancer cells (MCF-7/LCC-2).
(2A) Graph showed the percentage of wound closure. (2B) digital image of MCF-7/LCC-2 cells after
treated with DHA at 0-40 uM for 24 and 48 hours by scratch assay. Each value represented the mean +
S.E.M. (n=3). *p<0.05. Data are the representative of three independent experiments.
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Conclusion

The results of the present study demonstrated that DHA is able to inhibit cell
proliferation in dose dependent manner with IC50 in micromolar range and has inhibitory effect
on cell migration. Thus, this study was a preliminary data to support the effects of DHA as
anticancer agents for ER positive and tamoxifen resistant breast cancer cells. However, further
experiments to investigate in molecular mechanisms are needed to explain the effect of DHA
in order to use for the treatment of advance stage ER positive and tamoxifen resistant breast
cancer patients.
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Abstract

Nitrite, a nitric oxide (NO) metabolite, inhibits platelet activation through its conversion
to NO. In this study, we investigated the effect of inhaled nebulized nitrite on human platelets
ex vivo. Seven healthy volunteers were administered 37.5-mg sodium nitrite by inhaled
nebulization. Levels of platelet activation before and immediately after inhalation were
measured by aggregometry and flow cytometry using P-selectin, and activated glycoprotein
aGPIIb/IIla expression in response to adenosine 5° diphosphate (ADP) and U46619, a
thromboxane A> (TXA>) agonist. After nebulization, the nitrite level in whole blood increased
from 0.15 + 0.03 to 1.7 £ 0.23 uM. Nitrite decreased platelet aggregation and P-selectin
expression induced by ADP. However, nitrite had no effect on ADP-induced aGPIIb/Illa
expression and U46619 induced P-selectin and aGPIIb/IlIa expression. In conclusion, inhaled
nitrite decreases platelet activation, and may have potential to use in patients with platelet
hyperactivation.

Keywords: Platelet, nitrite, nitric oxide, inhalation.

Introduction

Nitric oxide (NO) is an endogenous vasodilator and platelet inhibitor!-%. In circulation,
NO is constitutively synthesized by endothelial nitric oxide synthase (eNOS). In platelets, NO
increases cGMP, which further causes deactivation of glycoprotein IIb/Illa (GPIIb/IIIa)
receptors and P-selectin expression on platelet surface leading to platelet inhibition®. NO is
also generated from nitrite anion (NOy") by reductase activity of heme-containing proteins such
as deoxyhemoglobin®. Because NO is unstable, nitrite which is a more stable metabolite of NO,
has been investigated for an alternative treatment. Our previous in vitro study demonstrated the
antiplatelet activity of nitrite in the presence of erythrocytes under hypoxic condition®.

Nitrite inhalation has been entered phase II trial for treatment of pulmonary
hypertension®. In phase I clinical trial, nitrite reached peak concentration time (Tmax)
immediately after inhalation and had half-life (t12) of 35 minutes’. The maximum tolerated
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dose was 90 mg. The major adverse effect was transient asymptomatic orthostasis and no
serious adverse effect was reported.

In this study, we aimed to determine the effect of inhaled sodium nitrite ex vivo at dose
of 37.5 mg (almost half of maximum tolerated dose) on platelet activity in healthy subjects.
The levels of platelet activation before and after nitrite inhalation were measured by
aggregometry and flow cytometry.

Materials and Methods

Sodium nitrite (NaNO») nebulizer was prepared by Faculty of Pharmaceutical Science,
Chulalongkorn University. Sodium nitrite was administrated to volunteers by Beurer Inhalator
Nebuliser IH25/1 model (Exeter, NH, USA). Adenosine 5’ diphosphate (ADP) was purchased
from Sigma (St Louis, MO, USA). U46619 were purchased from Calbiochem (Billerica, MA,
USA). Sodium nitrite, ADP and U46619 were dissolved in PBS pH 7.4.

Monoclonal antibodies: Fluorescein isothiocyanate (FITC)-labeled anti-human PAC-1,
Phycoerythrin (PE)-labeled anti-human CD62P and Phycoerythrin cyanine5 (PEcy5)-labeled
anti-human CD42b were purchased from BD bioscience (San Jose, CA, USA).

Subjects

This study was approved by Ramathibodi Hospital Ethics Committee (ID 03-56-27).
Seven healthy volunteers with 31.7+1.6 years of age who signed informed consent enrolled in
the study. Subjects who had history of smoking, heart disease, hemoglobinopathy, platelet
function disorders, asthma, or COPD were excluded from this study.

Blood sample collection

The venous blood was collected using 3.8% sodium citrate as an anti-coagulant. Whole
blood was 2-fold diluted with phosphate buffer saline (PBS) for platelet aggregation measured
by an aggregometer (Chronolog, Havertown, PA, USA). Whole blood was 10-fold diluted with
PBS for measurement of platelet surface markers by FC500 flow cytometer (Cytomics FC 500,
Beckman coulter, Brea, CA, USA). For measurement of nitrite in blood, the whole blood was
mixed immediately with the nitrite-stabilizing solution containing 0.8 M potassium
hexacyanoferrate (III), 10 mM N-ethylmaleimide (NEM), and 5% nonidet P-40 (NP40)
dissolved in nitrite-free deionized water. The preserved samples were stored at -80 °C and the
measurement was done within 2 weeks.

The effect of inhaled nitrite on platelet aggregation

Citrated (3.8%) whole blood was collected before 37.5-mg nitrite inhalation (baseline
measurement) and immediately after inhalation. Platelet aggregation induced by 20 uM ADP
was measured for 6 minutes by impedance aggregometry.
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The effect of inhaled nitrite on expression of platelet surface markers

Diluted whole blood was incubated with PEcy5-labeled CD42b, FITC-labeled PAC-1
and PE-labeled CD62P and platelet agonists either ADP (20 uM) or U46619 (20 uM) for 10
minutes at room temperature. Then, samples were fixed with 1% paraformaldehyde and kept
at 4 °C. The platelet population was identified by light scatter and anti-CD42b antibody.

Percentage of platelets positively expressed P-selectin and aGPIIb/Illa were calculated from
10,000 events positive for CD42b.

Measurement of nitrite in blood

The nitrite levels in whole blood were measured by tri-iodide based chemiluminescence
assay. Whole blood samples were mixed with methanol and centrifuged at 14,000 g for 5
minutes. Supernatant was injected into a purge vessel containing tri-iodide solution and the
nitrite levels were measured by a chemiluminescence NO analyzer (Eco medics CLDSS,
Duernten, Switzerland).

Statistical analysis

Data processing and statistical analysis were analyzed by GraphPad Prism® version 4

(GraphPad software Inc., San Diego, CA, USA). Data represents mean = SEM. Wilcoxon
matched-pairs signed rank test was used to compare with acceptable P-value < 0.05.

Results

Whole blood nitrite

Whole blood samples from healthy volunteers were collected before and immediately
after nitrite inhalation. The levels of nitrite were determined by chemiluminescence NO
analyzer. After inhalation of 37.5-mg nitrite, whole blood nitrite levels increased from 0.15 +
0.03 to 1.70 £ 0.23 uM. (figure 1).
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Figure 1: Nitrite levels in whole blood before and immediately after inhalation. Whole blood was
collected in nitrite-stabilizing solution before and after inhalation. Tri-iodide based chemiluminescence
was used to measure the level of nitrite in whole blood. Data are mean £ SEM (n=7). *P-value < 0.05
(Mann-Whitney test)
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The effect of inhaled nitrite on platelet aggregation

The levels of platelet aggregation before and after inhalation were measured ex vivo by
impedance aggregometry. After nitrite inhalation, platelet aggregation induced by ADP
decreased significantly (P = 0.02 by Wilcoxon matched-pairs signed rank test). Platelet
aggregation decreased from 10.73 (7.10 to 11.67) to 9.27 (6.10 to 10.49) ohm; median
(interquartile range) (figure 2).

The effect of inhaled nitrite on P-selectin and aGPIIb/I1la expression

P-selectin and aGPIIb/I1la expression before and after inhalation was induced by 20
uM ADP and U46619, and determined by flow cytometry. After inhalation, P-selectin
expression induced by ADP significantly decreased (P = 0.02 by Wilcoxon matched-pairs
signed rank test). The percentage of ADP-induced P-selectin expression before and after nitrite
inhalation was 30.65 (17.68-39.40) and 24.63 (17.17-37.80), respectively; median
(interquartile range) (figure 3A). However, inhalation of nitrite had no effect on ADP-induced
aGPIIb/Ila expression and U46619-induced P-selectin and aGPIIb/Illa expression (figure 3B-
D).
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Figure 2: The effect of inhaled nitrite on platelet aggregation induced by ADP. Whole blood samples
were collected before (baseline) and after nitrite inhalation. Platelet aggregation in whole blood was
induced by 20 uM ADP and measured by impedance aggregometry. *P < 0.05 tested by Wilcoxon
matched-pairs signed rank test (n = 7).

Discussion

Our results demonstrated the inhibitory effect of inhaled nitrite on platelet activity ex
vivo. The aggregometry showed that inhaled nitrite reduced platelet aggregation induced by
ADP. In addition, the expression of P-selectin induced by ADP decreased after nitrite
inhalation. However, the expressions of aGPIIb/Illa induced by ADP, P-selectin and
aGPIIb/IIIa induced by U46619 were not changed.
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Inhalation of 37.5-mg nitrite increased whole blood nitrite to the maximum
concentration of 1.7 uM, which was lower than the level reported elsewhere (estimated plasma
nitrite of 4.5 uM at the same dose)’. This may result from the efficiency of nebulizer. However,
the plasma nitrite of 0.4-0.6 uM was shown to decrease platelet activation®.
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Figure 3: The effect of inhaled nitrite on P-selectin and aGPIIb/Illa expression. Platelets in 10-fold
diluted whole blood samples were stimulated by 20 pM ADP or U46619. ADP-induced P-selectin
expression (A), ADP-induced aGPIIb/Illa expression (B), U46619-induced P-selectin expression, (C)
and U46619-induced aGPIIb/Illa expression (D) were measured by flow cytometry. *P < 0.05 tested
by Wilcoxon matched-pairs signed rank test (n = 7).

Our ex vivo study demonstrated that nitrite inhalation decreased ADP-induced platelet
aggregation and P-selectin expression, which is consistent with the previous in vitro anti-
platelet effect of nitrite reported by our group™. On the contrary, inhaled nitrite could not
inhibit ADP-induced aGPIIb/IIla expression. Our results showed that ADP induced almost
100% of aGPIIb/Illa expression. It is possible that the nitrite level in this study may not be
enough to inhibit the effect of ADP on aGPIIb/Illa expression. An ex vivo study showed that
65 pg/ml aspirin has less inhibitory effect on the expression of aGPIIb/IIIa than the inhibitory
effect on the expression of P-selectin (36.5% versus 81%)'°. Therefore, aGPIIb/II1a expression
may be more difficult to inhibit than P-selectin. However, inhaled nitrite had no effect on
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U46619-induced P-selectin and aGPIIb/IIla expression with unknown reason. Therefore, these
results should be further confirmed in larger number of subjects.

The anti-platelet effect of nitrite may arise from nitrite reduction to NO. Heme-
containing proteins such as deoxyhemoglobin may be responsible for nitrite reduction to NO'!.
c¢GMP, a marker of NO, in platelets increased after incubation with nitrite in vitro'2. Therefore,
the anti-platelet mechanism of inhaled nitrite ex vivo needs further investigation.

Conclusion

Inhaled nitrite decreases platelet aggregation and P-selectin expression induced by ADP
ex vivo. The results support the idea that inhaled nitrite may have potential benefit for treat
patients with platelet hyperaggregation. However, the effect of inhaled nitrite on platelets needs
further studies in a larger group of population.
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Abstract

Cadmium exposure has been reported to be associated with cardiovascular disorders.
In this study, we aimed to investigate the low-density lipoprotein (LDL) oxidation in subjects
with high-level cadmium exposure. LDL was separated from plasma of cadmium-exposed
subjects who lived in Mae Sot District, Tak Province, Thailand. The concentrations of protein,
cholesterol, and lipid peroxidation markers (thiobarbituric acid reactive substances, TBARs;
conjugated diene, CD; and lipid hydroperoxide, LOOH) were measured in LDL. Cadmium-
exposed subjects had higher levels of total cholesterol, LDL cholesterol and triglycerides than
non-exposed subjects. The levels of cholesterol, CD, LOOH, and TBARs were elevated in LDL
of cadmium-exposed subjects. The ratio of CD/cholesterol and TBARs/cholesterol also
increased in cadmium group when compared with non-exposed group. The levels of protein
and LOOH/cholesterol ratio were not different between cadmium and control groups. We
conclude that subjects with chronic cadmium exposure have pro-atherosclerotic lipid profile,
and increased LDL oxidation.

Keywords: Cadmium, Cardiovascular disease, Lipid peroxidation, LDL oxidation

Introduction

Cadmium is an environmental pollutant found in the northwestern part of Thailand.
Cadmium ore is found as refining zinc by-product from zinc mine 2. Cadmium has long half-
life, approximately 30 years, in human. Chronic low-level cadmium exposure is reported in
general population 3, which may be due to cigarette smoking and ingestion of contaminated
food. The low-level exposure as demonstrated by urinary or plasma cadmium levels is related
with hypertension and abnormal lipid profile*. In this study, we investigated LDL oxidation by
measurement of TBARs, CD and LOOH in subjects with chronic cadmium exposure.
Cadmium exposure causes an increase in plasma lipid peroxidation (TBARs)’. In population
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with low-level cadmium exposure (geometric mean of blood cadmium of 1.16 pug/L), blood
cadmium correlates with triglyceride and triglyceride/HDL-cholesterol ratio®. However, the
LDL oxidation in subjects with high-level chronic cadmium exposure has never been reported.
Because oxidized LDL plays important role in the development of atherosclerosis, increased
oxidized LDL may be a marker of atherosclerosis in cadmium-exposed subjects.

Materials and Methods

Subjects and clinical parameters

This study has been approved by the Ramathibodi Hospital Ethics Committee (ID 05-
54-20). Cadmium in whole blood and urine was measured by atomic absorption
spectrophotometry (AAnalysis 600, PerkinElmer, Waltham, MA, USA). Baseline clinical
parameters were determined at laboratory of Ramathibodi Hospital. The subjects participated
in the study were classified into control non-exposed and cadmium-exposed groups. The
control group (healthy volunteers) consisted of 10 females with 40-55 years of age (mean +
SEM = 48.0 + 2.2 years). The cadmium-exposed group consisted of 10 females with 40-55
years of age (mean = SEM = 50.6 + 2.7 years). Inclusion criteria for healthy volunteers were
urinary cadmium levels < 1 pg/g creatinine. Inclusion criteria for cadmium exposures were
urinary cadmium levels > 1 pg/g creatinine. Both healthy and cadmium-exposed volunteers
agreed to participate in the study and signed an informed consent form. The cadmium-exposed
and healthy volunteers who had history of hypertension, heart failure, ischemic heart diseases,
COPD, diabetes mellitus, thyroid disease, chronic liver disease, cigarette smoking, chronic
alcohol consumption, addictive substance and pregnancy were excluded from the study.

Blood collection and plasma preparation

Blood was collected by using EDTA (1.5 mg/mL) as anticoagulant after 12 h of fasting.
Plasma was separated by centrifugation (Kubota 5900 centrifuge with swinging bucket rotor)
at 3,500 rpm for 15 minutes at 4°C, and then stored at -80°C.

Lipoprotein Separation

Plasma lipoproteins were separated by sequential density gradient using
ultracentrifugation (OptimaTM L-100xp with Ti 90 rotor, Beckman Coulter, Fullerton,
California, USA) at 548,000g, 4 °C. The plasma was adjusted to desired density by Mork’s salt
solution and Stock's solution. LDL was obtained at density between 1.019-1.063 g/mL’. The
separated lipoprotein was dialyzed against 10 mM phosphate buffer saline (PBS), pH 7.4 to
remove EDTA and salts from the density solutions. Plasma lipoprotein was packed in dialysis
membrane and dialyzed in PBS with continuous stirring at 4°C overnight. The dialyzed plasma
lipoprotein was collected and stored at -80°C.

Lipoprotein composition

The composition of LDL was determined by following methods: protein by modified
Lowry’s method® and total cholesterol by cholesterol enzymatic kit (Cholesterol LiquiColor,
Stanbio, Boerne, TX, USA).
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Lipid Peroxidation

Conjugated diene (CD) is a marker of initial-phase lipid peroxidation. CD was
measured in 100 pg protein/mL of LDL. The optical density (OD) at 234 nm was measured
immediately using spectrophotometry (GBCCintra 10e UV-Vis spectrometers)’. The amount
of CD was calculated using molar extinction coefficient (€234 = 29,500 M. cm™)!°.

Lipid hydroperoxide (LOOH) is a marker of propagation-phase lipid peroxidation.
LOOH levels reacted with ferricthiocyanate reagent for 30 min in 100 pg protein/mL of
lipoprotein suspension, and were measured at ODsoo nm using spectrophotometry (GBCCintra
10e UV-Vis spectrometers)'!. H-O, was used as standard.

TBARs are markers of final-phase lipid peroxidation. TBARs were measured by
spectrofluorometric method (LS 55, Fluorescence spectrometer, PerkinElmer, Boston,
Massachusetts, USA)!2,

Statistical Analysis
Statistical analysis was performed by Graphpad Prism, version 5.0 (GraphPad Software

Inc., San Diego, CA, USA) using Student t-test or Mann Whitney U-test, depending on the
normality of distribution. Significance for all analyses were assumed at *P<0.05.

Results

Background characteristics of subjects

Cadmium-exposed subjects had higher levels of total cholesterol, LDL-cholesterol,
triglyceride, serum creatinine, blood cadmium and urinary cadmium than control non-exposed
subjects (unpaired t-test P < 0.05) (table 1). On the other hand, BMI and HDL-cholesterol were
lower in cadmium-exposed than non-exposed subjects. There was no difference in age, blood
pressure, hematocrit, hemoglobin, red blood cell count, white blood cell count, platelet count,
and urinary B>-microglobulin between cadmium and control groups.

Cholesterol and protein content in LDL

The cholesterol content in LDL of cadmium-exposed subjects was significantly higher
than LDL of control group (P < 0.05) (Fig. 1a). No difference in protein content between
cadmium group and control group was observed (Fig. 1b).

Lipid peroxidation

Lipid peroxidation makers including CD, LOOH and TBARs showed the increased
levels in LDL of cadmium-exposed subjects compared with control non-exposed subjects (P
< 0.05) (Fig. 2a-2c). The CD/cholesterol ratio and TBARs/cholesterol ratio increased in
cadmium-exposed subjects compared with those of control group (P < 0.05) (Fig. 2d, 2f). No
difference in LOOH/cholesterol ratio was noted (Fig. 2e).
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Table 1. Background characteristics of subjects

Parameters Non-exposed | Cadmium-exposed | P-value
N 10 10
Gender (F) 10 10
Age (years) 48.00 +2.23 50.60 £+ 2.66 0.4635
BMI (kg/m?) 29.33+1.65 23.85+1.16 0.0144*
Systolic blood pressure (mmHg) 130.10 £ 4.46 119.6 +4.20 0.1038
Diatolic blood pressure (mmHg) 75.90 + 2.95 76.60 = 2.27 0.8531
Mean blood pressure (mmHg) 112.00 £3.53 105.30 +£3.34 0.1813
Hematocrit (%) 37.47+1.26 39.22+0.78 0.2533
Hemoglobin (g/dL) 12.24 +£0.42 12.94 +0.30 0.1936
Red blood cells (10°/uL) 4.754 £0.16 444+ 0.12 0.1374
White blood cells (10°/uL) 6.73 £0.32 7.28 £0.38 0.0815
Platelets (10°/uL) 238.80 £26.94 270.60 £ 18.69 0.345
Total cholesterol (mg/dL) 170.50 £ 11.64 220.90 £9.71 0.0038*
LDL cholesterol (mg/dL) 95.10£9.44 152.00 + 8.14 0.0002*
HDL cholesterol (mg/dL) 62.60 = 5.097 44,10 +£2.81 0.0052*
Triglyceride (mg/dL) 100.40+11.13 200.80 + 17.46 0.0001*
Creatinine (mg%) 0.66 = 0.034 1.03 £0.09 0.0008*
BUN (mg%) 11.00 = 0.68 11.27 £0.66 0.7785
Blood cadmium (pg/L) 0.38 £0.22 5.46 +4.45 0.0001*
Urinary cadmium (pg/g creatinine) 0.76 £0.71 5.82+3.80 0.0001*
Urinary B2-microglobulin (ng/g creatinine) | 45.91 +£73.53 95.88+111.60 0.6128

Data are means £ SEM. except blood cadmium, urinary cadmium and urinary f3,-microglobulin which
are geometric mean + geometric SD. BMI, body mass index; BUN, Blood urea nitrogen. *P < 0.05

(Student’s t test)
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Figure 1. Biochemical composition of LDL obtained from control non-exposed (N = 10) and
cadmium-exposed subjects (N = 10). a Total cholesterol (mg/dL). b Protein content (ug/mL). Data are

means = SEM. *P < (.05 (Mann Whitney test).
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Figure 2. Lipid peroxidation markers in LDL of control non-exposed (N = 10) and cadmium-exposed
subjects (N = 10). a Conjugated diene (CD, uM). b Lipid hydroperoxide (LOOH, pM). ¢ Thiobarbituric
acid reactive substances (TBARs, uM). d—f Ratio of CD, LOOH, and TBARs to cholesterol (umol/g
cholesterol). Data are means £ SEM. *P<0.05 (Mann Whitney test).

Discussion

Our study demonstrates proatherosclerotic change in lipid profile of cadmium-exposed
subjects; namely, increased LDL cholesterol, decreased HDL cholesterol, and increased
triglyceride. The cholesterol content and lipid peroxidation markers increased in LDL of
subjects with chronic cadmium exposure, indicating an increased LDL oxidation. In population
with low-level cadmium exposure, blood cadmium correlates with triglyceride and
triglyceride/HDL-cholesterol ratio®. We provide further information that subjects with chronic
cadmium exposed have elevated LDL oxidation. The abnormal lipid profile together with
increased oxidized LDL may be associated with the risk of atherosclerosis and vascular
disorders such as coronary artery disease in cadmium-exposed subjects.

In animal study, cadmium affects lipid metabolism causing alterations in the serum
lipid components towards proatherosclerosis profile. TBARs, CD, and LOOH were increased
in the liver of cadmium-treated rats'>. These are consistent with our human data showing that
cadmium-exposed subjects have proatherosclerotic lipid profile and increased oxidized LDL,
which are risks of atherosclerosis.

Conclusion

Here, we show that subjects with chronic cadmium exposure have proatherosclerotic
plasma lipid profile and elevated oxidized LDL.
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Abstract

Several in vivo and in vitro studies show increased nitric oxide (NO) level in breast
cancer together with elevated level of nitric oxide synthase (NOS) activity. In this study, we
aimed to investigate the level of nitrite, a bioactive metabolite of NO, using chemiluminescence
method, and determine the expression levels of endothelial NOS (eNOS) and inducible NOS
(iNOS) using real-time PCR in control and breast cancer tissues obtained from 15 patients. We
found that the nitrite levels increased in breast cancer tissues compared with control tissues.
The expression of eNOS mRNA was higher in breast cancer tissues while iNOS expression
was not different between two groups. In conclusion, breast cancer tissues have increased NO
levels associated with increased eNOS expression. NO could be used as a biomarker of breast
cancer and inhibition of NO synthesis may be a therapeutic strategy.

Keywords: Breast cancer, nitric oxide, nitrite, nitric oxide synthase.

Introduction

Breast cancer is the common cancer with high incidence rate in women worldwide in
both developed and developing countries!. NO has been documented as a key signaling
molecule that promotes breast carcinogenesis?. In breast cancer, NO may be synthesized by
eNOS in endothelial cells or iNOS in inflammatory cells. The increased expression of NOS
has been found in human breast cancer tissues® and in breast cancer cell lines*. Increased eNOS
and iNOS activities have been reported in breast cancer tissues from patients’. Interestingly,
high NOS activity is associated with high tumor grade®. All these findings suggest that
increased NO and NOS expression may involve in carcinogenesis of breast cancer. However,
NO concentration in breast cancer tissues derived from patients has never been reported. In this
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study, we measured nitrite (a bioactive NO derivative) and NOS expression in breast cancer
tissues.

Materials and Methods

Breast tissues

This study has been approved by the Ramathibodi Hospital Ethics Committee. Fifteen
human breast tissues were obtained from the Department of Surgery, Faculty of Medicine
Ramathibodi Hospital, Mahidol University, Bangkok, Thailand. Breast cancer and adjacent
control tissues were dissected by gross visualization from the same breast.

Tri-iodide based chemiluminescence

Breast tissues were homogenized in the homogenized solution containing nitrite
stabilizer (1 mM potassium cyanide, 12 mM potassium ferricyanide, 10 mM N-
ethylmaleimide, and 12 uM diethylene triamine pentaacetic acid). Nitrite in 200 pl of
homogenated samples was measured by tri-iodide chemiluminescence assay using analyzer
CLD 88 (ECO medics, Durnten, Switzerland)®’. Each data point is represented as average of
duplicate measurement.

Real-time PCR

Total RNA was extracted from homogenated sample using total RNA purification kit
(Jena Bioscience, Jena, Germany). 1 ug of total RNA was reversed transcribed using
superscript III transcriptase (Invitrogen, Waltham, MA, USA). Gene expression of eNOS and
iNOS was quantified by measuring the fluorescence intensity using iTaq™ Universal SYBR
Green Supermix (Bio-Rad) on an Applied Biosystems real time PCR 7500 system.

Results

Elevated nitrite levels in breast cancer tissues from patients.

The nitrite level was determined by the tri-iodide based chemiluminescence, and
reported as nmol per gram of tissue. The median of nitrite level was higher in breast cancer
than those in control breast tissues (21.26 vs. 13.59 nmol/g tissue, N = 15) (*P = 0.0020,
Wilcoxon test) (Figure 1).

The mRNA expression levels of genes associated with NO synthesis in breast cancer
tissues.

To determine whether the increased NO levels were produced by the upregulation of
eNOS and/or iINOS, mRNA expression of NOS genes were analyzed in control breast and
breast cancer tissues (N = 15 each) by real-time PCR. The eNOS and iNOS mRNA expression
was shown as relative fold change (RFC) of NOS mRNA normalized to GAPDH mRNA. The
eNOS mRNA expression in breast tissues was significantly higher in breast cancer tissues
compared with control breast tissues (*P = 0.0125, Wilcoxon test) (Figure 2). The iNOS
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mRNA expression was not different between control and breast cancer tissues (P = 0.4212,
Wilcoxon test) (Figure 3).
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Figure 1. Nitrite levels in control and breast cancer tissues. *P = 0.0020 (Wilcoxon test).
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Figure 2. The eNOS mRNA levels in control and breast cancer tissues. The mRNA levels were
expressed as relative fold change (RFC) compared with GAPDH. *P = (0.0125 (Wilcoxon test).
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Figure 3. The iNOS mRNA levels in control and breast cancer tissues. The mRNA levels were
expressed as relative fold change (RFC) compared with GAPDH. P = 0.4212 (Wilcoxon test).

Conclusions and discussion

Breast cancer tissues have higher NO and eNOS expression than control tissues. The
high level of nitrite in breast cancer tissues suggests that NO is important for cancer cell growth.
From our results, NO is likely produced by eNOS as the eNOS expression increases in breast
cancer tissues. The increased eNOS expression in human breast cancer is consistent with
previous reports demonstrated by immunocytochemistry®. The iNOS expression has a trend
toward increase in cancer compared with control tissue although the difference does not reach
statistical significance. Thus, more patients are required to confirm these results.

Elevated NO in breast cancer was shown by spin-trapping electron paramagnetic
resonance spectroscopy’. However, the NO concentration in breast cancer tissues had never
been reported. NOS inhibition could reduce the tumor growth in female nude mice injected
with GFP-tagged human breast cancer cells®. Induction of iNOS expression by components of
tumor microenvironment was correlated with increased nitrite’. Furthermore, the eNOS
expression was found in stromal structures and tumor cells of invasive breast cancer and links
to increased vascular density, and high tumor grade and stage®.

Collectively, our study provides the additional evidences of elevated NO concentration
and eNOS expression in human breast cancer tissues. The high NO levels in breast tissues may
be used as a prognostic marker, and suggests the novel therapeutic target.
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Abstract

P-glycoprotein (P-gp) is a drug efflux transporter relevant in both pharmacodymamic
and pharmacokinetic aspects. The expression of this transporter can be altered by several drugs
and natural substances, which would subsequently affect its function. Doxorubicin-induced P-
gp upregulation as determined by flow cytometry with the use of fluorochrome-conjugated
antibody (Ab) was reported in a number of studies. As known, this technique reflects the
amount of P-gp expression on the cell surface. This study demonstrated the potential
misleading data arising from the doxorubicin interference on the fluorescent signal of FITC-
labeled P-gp as measured by flow cytometric technique. The Caco-2 cells were treated with
doxorubicin for 24 hours. Then, the cells were washed and further incubated in the presence
or absence of FITC-conjugated anti-human P-gp Ab for flow cytometric analysis. Our results
showed that doxorubicin significantly increased fluorescent intensity in the concentration-
dependent manner. The fluorescent signal of the Ab-labeled and unlabeled groups were
comparable. These data suggested that doxorubicin interfered with the fluorescent signal of
FITC-conjugated P-gp on the cell surface. An increase in the fluorescent signal in the
doxorubicin-treated cells resulted from doxorubicin rather than an increase of P-gp expression.
Thus, researchers should be aware of the intrinsic fluorescent property of any substances used
in the flow cytometric experiment with fluorescent-labeled proteins. If there is a potential for
interference on the fluorometric reading, conventional western blot should be chosen to
determine protein expression.

Keywords: doxorubicin, FITC, flow cytometry, interference, P-glycoprotein

Introduction

P-glycoprotein (P-gp) is an ATP-binding cassette transporter responsible for limiting
cellular uptake of several therapeutic drugs. An overexpression of P-gp at cancer cell
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membrane can reduce intracellular accumulation of cytotoxic agents, subsequently leading to
chemotherapeutic failure. In addition, alteration of P-gp expression at intestinal cells may
change absorption of its drug substrates-such as digoxin.! Thus an alteration of P-gp expression
can influence drug safety and efficacy. The expression of this transporter can be altered by
several drugs and natural substances such as rifampin, doxorubicin, and piperine.>* Therefore,
effects of any new compounds on P-gp expression have been subjected for investigation early
in drug development process.

Methods for detection of protein expression are fundamental research tools in the life
science area. Western blot analysis is a popular procedure involving the uses of gel
electrophoresis, protein transfer, and immunoblotting. It is widely used to determine specific
cellular proteins. Although this technique is highly sensitive and reliable, it requires several
processing steps which are tedious and time-consuming.> Recently, flow cytometry has been
applied to investigate protein expression with the use of fluorochrome-conjugated antibody
(Ab).> This method requires only a process to fix the Ab-labeled cells for the measurement of
their fluorescent intensity and, therefore, provides better speed and is more convenient. It
should be noted that flow cytometry does not involve protein separation. Fluorescent signal
generated from common dyes such as fluorescein isothiocyanate (FITC) used in flow
cytometry can be interfered by other substances present in the experiment.® A number of drugs
and natural compounds, particularly those with highly conjugated double bonds or fused
aromatic rings can also exhibit fluorescence and cause misinterpretation of the labeled target
protein.”- Hence, analytical methods involving fluorometry should be designed and performed
carefully.

Doxorubicin, an anthracycline antibiotic used as an anticancer drug, has been widely
used as a P-gp inducer.> *!? Doxorubicin is known to possess intrinsic fluorescent property
with a broad emission spectrum.'* Flow cytometric analysis of cell surface P-gp expression in
doxorubicin-treated cells might therefore be unsuitable due to the interference from
doxorubicin-mediated fluorescence. Therefore, this study aimed to examine the potential
misleading data arising from the fluorescent interference in flow cytometric determination of
cell surface protein. We demonstrated herein an interfering effect of doxorubicin on the
fluorescent signal of FITC-labeled P-gp on the surface of Caco-2 cells as measured by flow
cytometric technique.

Materials and Methods

Materials

Doxorubicin HCI was purchased from Merck Millipore (Darmstadt, Germany). FITC
mouse anti-human P-gp Ab was purchased from BD Biosciences (San Jose, CA, USA).
Dulbecco’s Modified Eagle’s Medium (DMEM) and L-glutamine were purchased from Gibco
Life Technologies (Grand Island, NY, USA). Fetal bovine serum was obtained from Biochrom
AG (Berlin, Germany). Penicillin G, streptomycin, non-essential amino acids, and
paraformaldehyde were purchased from Sigma Aldrich (St. Louis, MO, USA).
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Cell culture

The colorectal adenocarcinoma cells (Caco-2, HTB-37") were obtained from
American Type Culture Collection (ATCC, Mannassas, VA, USA). Cells were routinely
subcultured at 70% confluence and maintained at 37°C in 5% C0O2-95% air atmosphere in
Dulbecco’s modified Eagle’s medium (DMEM), supplemented with 10% heat-inactivated fetal
bovine serum (FBS), 1% non-essential amino acid, 1% penicillin G/streptomycin, and 2 mM
L-glutamine.

Flow cytometry

The Caco-2 cells (passage no. 60-65) were seeded onto a 24-well plate at the density of
14,000 cells/cm?. The cells grew into monolayer and reached its confluency within 5 days after
seeding. The culture media was changed every 2 days. The cells at day 20 after seeding were
treated with various concentrations of doxorubicin (up to 100 uM) for 24 hours. After
treatment, the cells were washed three times and trypsinized with trypsin-EDTA solution at
37°C. The cells were suspended in ice-cold phosphate buffered saline (PBS) and subsequently
centrifuged at 5,000 rpm, 4°C for 4 minutes. The cell pellets were divided into Ab-labeled
and unlabeled groups. The cells in the first group were resuspended in ice-cold PBS and
incubated with FITC-anti-human P-gp Ab in the dark at 4°C for 30 minutes. They were
subsequently washed with ice-cold PBS containing 2% FBS, and centrifuged at 5,000 rpm, 4°C
for 4 minutes. The cell pellets were fixed with 1% paraformaldehyde in PBS. The cells in the
unlabeled group were collected and fixed using similar processes as mentioned above, except
that they were not treated with the FITC-conjugated Ab. The intensity of FITC fluorescence
was measured by BD FACSCalibur flow cytometer (BD Biosciences, CA, USA) at 488 and
535 nm for excitation and emission wavelengths, respectively. The fluorescent intensity of
10,000 events was used for data analysis.

Statistical analysis

Data were expressed as mean + standard error of the mean (SEM) from three duplicated
experiments. Multiple comparisons were statistically analyzed by Kruskal-Wallis test,
followed by Mann-Whitney U test with Bonferroni correction. Comparison between the Ab-
labeled and unlabeled groups in each treatment with doxorubicin was performed by the Mann-
Whitney U test. Statistical significance was considered at p < 0.05.

Results

We determined the expression of P-gp on the cell surface with FITC-labeled P-gp Ab.
The cells in the solvent control group (0.5% DMSO) which were incubated with P-gp Ab
showed a significant increase in fluorescent intensity, suggesting the presence of considerable
amount of expressed P-gp in these cells (Figures 1 and 2).

Treatment of the cells with the non-cytotoxic concentrations of doxorubicin (3, 10, 50,
and 100 uM) for 24 hours increased the fluorescent intensity in concentration-dependent
manner (Figure 2). In the cells treated with 3 uM of doxorubicin, the intensity of the
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fluorescence between Ab-labeled and unlabeled cells was statistically different. Upon
increasing the concentration of doxorubicin, fluorescent signals of the Ab-labeled cells were
apparently equal to those of the unlabeled cells (Figures 1 and 2). Our data clearly
demonstrated that doxorubicin, particularly at concentrations higher than 3 pM, was able to
interfere with the fluorescent signal of FITC-conjugated Ab on the cell surface.
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Figure 1. Representatives of flow cytometric analysis of fluorescent intensity in the Caco-2 cells after
treatment with either 0.5% DMSO (control) or doxorubicin 100 pM in the FITC-conjugated anti-P-gp
Ab labeled (red line) and the unlabeled groups (black line).
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Figure 2. Effect of doxorubicin on fluorescent intensity of the FITC-Ab labeled (open bar) and the
unlabeled groups (solid bar). The cells were treated with doxorubicin at various concentrations for 24
hours. Doxorubicin was washed out three times with PBS before flow cytometric analysis. Data were
expressed as mean = SEM (n=3). “p < 0.05 vs the unlabeled group. “p < 0.05 vs control.
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Discussion

Flow cytometry using fluorochrome-conjugated Ab provides a fast and simple method
to determine the expression of cell surface proteins including membrane transporters. Two
common fluorochromes widely used to conjugate with P-gp Ab are FITC and phycoerythrin.
The emission spectrum of FITC and phycoerythrin was commonly measured at 530/30 nm and
585/42 nm, respectively. In this study, we used a commercially available FITC-conjugated Ab
to label the cell surface P-gp of the doxorubicin-treated Caco-2 cells. Our results clearly
showed that the fluorescent signal from the doxorubicin-treated cells was not exclusively
different from the FITC-labeled P-gp. Increased doxorubicin concentration correlated well
with fluorescent signal from the doxorubicin-treated cells. It was likely that the fluorescence
reflected an accumulation of doxorubicin rather than an increase in P-gp expression.
Doxorubicin permeates through cell membrane and is retained in lysosomes by pH trapping.'*
Increasing its concentration or treatment period could either enhance its intracellular
accumulation. Moreover, the doxorubicin-washout step with PBS prior to labeling the cells
with Ab was insufficient to abolish the interfering effect of doxorubicin on fluorescence
readings. Eventually, the fluorescent intensity of FITC-labeled P-gp was interfered by
doxorubicin when fluorescent signal of the cells was measured by flow cytometric technique.
It was reported that fluorescent signal of doxorubicin interfered with certain fluorescent dyes
such as phycoerythrin and propidium iodide in flow cytometric analysis.® !° Our finding was
the first to demonstrate that doxorubicin could cause fluorescent interference with FITC in
particular when the high concentrations of doxorubicin were applied. In addition, application
of the fluorescence compensation technique to correct spectral overlap in flow cytometry could
not reduce doxorubicin interference in this experiment setting.

Conclusion

Thus, researchers should be aware of the intrinsic fluorescent property of any
substances used in the flow cytometric experiment with fluorescent-labeled proteins.
Overlooking this issue may lead to misinterpretation and a false positive result. Potential
interference on the fluorescent signal of target proteins could be avoided by selecting the
fluorescent dye with the least overlapping spectrum with a tested substance. It should be noted
that the degree of interference depends on the concentration and retention period of the
fluorochrome within the cells. Higher concentration of fluorochrome causes greater
interference on the signal of the labeled target protein. If there is a potential for interference
on the fluorometric reading, conventional western blot should be chosen to determine protein
expression.
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Abstract

Several studies have reported the protective effect of polyphenol-rich diet to
cardiovascular diseases (CVD) thru antioxidant and antiplatelet activity. This study aimed to
evaluate antioxidant activity and inhibitory effect of pomelo on human platelet aggregation.
The nitrite content, total phenolic content, total flavonoid content and antioxidant activity were
determined in juice extracted from three cultivars of pomelo; Thong Dee, Khao Tang Kwa and
Khao Yai. All of pomelo juice contained phenolic content approximately 6 mM of gallic acid
equivalence while contained nitrite content in range of 3-6 uM. The in vitro effect of pomelo
juice on ADP-induced human platelet aggregation was investigated. Pomelo juice affected the
maximum aggregation in dose-dependent manner and also altered the response curve in to
biphasic shape. The juice extract from Thong Dee showed highest antioxidants and antioxidant
activity and highest effect on platelet aggregation. The mechanism of action in related to active
compounds in various cultivars of pomelo will be further investigated.

Keywords: pomelo juice, antioxidant, antiplatelet

Introduction

Platelets are one of blood cells that are necessary for physiologic processes of
hemostasis. Conversely, they also involve in atherothrombosis, which is the major cause of
cardiovascular diseases (CVD). Atherothrombosis, the leading cause of mortality in developed
countries, is explained as the formation of thrombi overlaid on atherosclerotic lesion
disruption'.

Several epidemiological studies have reported the protective effect of diets in the
prevention of CVD??. Thus, the food or food component, which maintain or improve health,
is regarded as functional food. This fact has brought the enormous interest on the antiplatelet
activity of dietary components, including polyphenols and flavonoids. Several natural
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components that found in grape, onion, and tomato have been reported to exert the preventive
role against CVD thru inhibition of platelet aggregation®”’.

Interestingly, some of natural polyphenols presenting in diet affected to the platelet
function, even if it is not well defined that their native compounds, metabolites, or combination
of both exerted their in vivo antiplatelet activities®. The natural form of polyphenols mostly
found as glycoside.

The pomelo (Citrus maxima Merr.) is the largest of all nature citrus fruits that is widely
consumed in Thailand. There are many cultivars that are cultivated in Thailand, namely Thong
Dee, Khao Tang Kwa and Khao Yai. Pomelo enrich with vitamin C, antioxidant and flavonoids
(i.e. kaemferol, myricetin, apigenin, luteolin and hesperetin). The nutritive composition and
content depend on cultivar’. Previous study have confirmed that pomelo juice enrich with
flavonoids in glycoside form!'*!!

The aim of this study is to evaluate antioxidant activity of pomelo juice extracted from
3 different cultivars, including Thong Dee, Khao Tang Kwa and Khao Yai. Furthermore, the
inhibitory effect of pomelo juice on human platelet aggregation is investigated.

Materials and Methods

Pomelo juice preparation
Three cultivars of pomelo were studied: Thong Dee (TD), Khao Yai (KY) and Khao

Tang Kwa (KT). The pomelo pulps (500 g) were blended and filtered to obtain pomelo juice.
The samples of pomelo juice were centrifuge 10,000 g before performing assays.

Griess assay

The griess assay was performed wusing sulfanilamide and  N-(I-
Naphthyl)ethylenediamine dihydrochloride (NED) to determine total nitrite (NOz"). The juice
or standard (50 pl) was mixed with 1% sulfanilamide in 5% phosphoric acid (50 ul) for 5
minutes and 0.1% NED (50 ul) was then added and mixed well. Then, it was incubated at room
temperature in dark for 5 minutes. The absorbance of reaction was measured at 520 nm with
microplate multimode reader (Varioskan Flash, Thermo Scientific, USA).

Total phenolic content

The total phenolic content was determined using the Folin-Ciocalteau method
compared to standard compound, gallic acid. The juice or standard (20 ul) was mixed with
10%v/v Folin-Ciocalteau reagent (100 pl) for 2 minute and 7.5% sodium carbonate solution
(80 pl) was then added and mixed well. Then, it was incubated at room temperature for 60
minutes. The absorbance of reaction was measured at 765 nm with a microplate multimode
reader.
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Total flavonoid content

The flavonoids content was determined using aluminum chloride (AICl3) compared to
standard compound, quercetin. The juice or standard (100 ul) was mixed with 2% AICI3 in
ethanol (100 ul). Then, it was incubated at room temperature for 60 minutes. The absorbance
of reaction was measured at 420 nm with a microplate multimode reader.

DPPH radical scavenging assay

The DPPH radical scavenging assay was performed to evaluate antioxidant activity
compared to standard compound, trolox. The juice or standard (100 pl) was mixed with 500
uM DPPH (100 ul). Then, it was incubated at room temperature in dark for 10 minutes. The
absorbance of reaction was measured at 520 nm with a microplate multimode reader.

Ferric ion reducing antioxidant power (FRAP) assay

The FRAP assay also was used to evaluate the antioxidant activity compared to standard
compound, ascorbic acid. The juice or standard (20 pl) was mixed with FRAP reagent (180
ul). Then, it was incubated at room temperature for 10 minutes. The absorbance of reaction
was measured at 593 nm with a microplate multimode reader.

FRAP reagent is the mixture of 300 mM acetate buffer (pH 3.6), 10 mM TPTZ, 20 mM
Ferric Chloride (FeCl3) and water in 10:1:1:1.2 ratio.

Statistical analysis
The value of nitrite content, total polyphenolic content, total flavonoid contents and

antioxidant activities was shown in mean + SD and used one way analysis of variance (One-
way ANOVA) following Bonferroni's Multiple Comparison Test (Graphpad Prism, USA)

Platelet preparation

The blood sample was obtained from male free-drug healthy volunteer and
anticoagulated with 3.8% sodium citrate (approved by the Committee on Human Rights
Related to Research Involving Human Subjects, Faculty of Medicine Ramathibodi Hospital,
Mahidol University, Protocol Number: ID 08-58-28). Platelet-rich plasma (PRP) was prepared
by centrifugation at 200 g for 10 minutes. After that the rest was centrifuged at 2,330 g for 10
minutes to obtain platelet-poor plasma (PPP). PPP was used to dilute PRP in ratio 1:1.

Platelet aggregation study

The platelet aggregation was studied by turbidimetric method. PRP samples were
stimulated using ADP as agonists. It was monitored in an aggregometer (AggRAM, Helena
Biosciences, UK) at 37°C under continuous stirring at 1,000 rpm.

PRP samples (295 pl) was pre-incubated with10 pl of 50% or 100% pomelo juice (TD,
KY and KT) for 5 and 30 minutes at 37°C in aggregometer. Then, it was stimulated with 5 pul
of 8 UM ADP (as shown in final concentration). The extent of platelet aggregation was
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estimated by measuring the maximum height above the baseline reached by the aggregation
curve within 5 minutes following stimulation (Maximum aggregation).

The %inhibition was calculated by comparison maximum aggregation between control
and treated as shown in below equation.
Max.aggregation ,niro1 — Max.aggregation eqted

%inhibition = - X 100
Max.aggregation oniror

Results

Determination of nitrite content, total polyphenolic content, total flavonoid contents and
antioxidant activities

Results of nitrite content, total phenolic content, total flavonoids content and
antioxidant activities were shown in Table 1. The results showed that TD had higher phenolic
and flavonoids content than others, but the significant difference was not observed between KT
and KY. TD also had higher antioxidant activity than others.

Table 1. Nitrite content, total phenolic content, total flavonoids content and antioxidant activities of
pomelo juice

Parameters Value®

TD KT KY
Nitrite content 3.41 +£0.48" 5.53+0.27 4.37+0.62
(uM)
Total phenolic content 2.39 £0.027# 2.06 £ 0.08 2.00 £ 0.04
(GAE®, mM)
Total flavonoids content 6.85 +0.54" 6.00 +0.33 6.32 +0.05
(QE®, uM)
DPPH assay 5.21+0.38" 3.98£0.21 4.84+0.62
(TEAC®, mM)
FRAP assay 4.59 +0.45" 3.37+0.07 3.90+0.36

(VCEAC®, mM)

2The value shown in mean + SD, n=3

®Abbreviations: Gallic acid equivalence (GAE), Quercetin equivalence (QE), Trolox equivalent
antioxidant capacity (TEAC) and vitamin C equivalent antioxidant (VCEAC)

*p < 0.05 when compared to KT

*p < 0.01 when compared to KT

#p < 0.01 when compared to KY

Antiplatelet activity of pomelo juice

PRP sample was pre-incubated with pomelo juice and then stimulated with 8 uM ADP.
In control, without pomelo juice, ADP-induced platelet aggregation was about 87-94% as
shown in Figure 1. The pomelo juice affected to ADP-induced platelet aggregation depending
on incubation time and concentration.
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Figure la and 1b showed that the lower concentration of pomelo juice (50%) had
slightly inhibitory effect on the value of maximum aggregation. However, all of them altered
the aggregation curve into biphasic shape. KY marginally decreased the value of maximum
aggregation to 77.8% after 5 minutes of pre-incubation while TD and KT marginally decreased

the value of maximum aggregation to 76.1% and 82.5%, respectively after 30 minutes of pre-
incubation.

(a) 50% pomelo juice, 5 minutes (c) 100% pomelo juice, 5 minutes
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Figure 1. Platelet aggregations after incubation with pomelo juice for 5 and 30 minutes (TD; Thong
Dee, KT; Khao Tang Kwa and KY; Khao Yai)

Platelet samples were pre-incubated with 100% pomelo juice for 5 minutes as shown
in Figure 1c. The results shown KY greatly decreased the value of maximum aggregation
(29.5%) followed by KT (60.4%) and TD (85.8%). For 30 minutes of incubation time (Figure

1d), TD decreased the value of maximum aggregation to 51.6%, while KT and KY shown
similarly response curve.

The maximum aggregation and %inhibition, which was calculated comparing to control
of each group, were shown in Table 2.
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Table 2. The maximum aggregation of pomelo juice pre-incubated platelet and percentage inhibition
of maximum aggregation of pomelo juice

Maximum aggregation

Incubation  Sample (%) % Inhibition
time Name 500 juice  100% juice  50% juice  100% juice
TD 91.5 85.8 - 6.7
5 minutes KT 86.8 60.4 2.0 34.3
KY 77.8 29.5 12.2 67.9
TD 76.1 51.6 12.6 451
30 minutes KT 82.5 63.4 53 32.6
KY 88.5 64.7 - 31.2
Discussion

Pomelo juice from TD, KT and KY contained high polyphenol content as shown in
gallic acid equivalence. The phenolic content was in millimorlar level which was corresponded
to levels of antioxidant activities as demonstrated by values obtained from DPPH and FRAP
assay. On the other hand, the value of flavonoids content was in micromolar. The value may
underestimate because of the limitation of technique of flavonoids assay that due to high
content of water in pomelo juice may enhance dissociation between flavonoids and aluminum
(II1)'2. Therefore, flavonoids content will be further determined by high performance liquid
chromatography (HPLC) technique.

The results demonstrated that pomelo juice had inhibitory effect on platelet function.
Although the low concentration and shorter pre-incubation time had not significant effect on
maximum platelet aggregation, the biphasic shape of the curve may indicate that pomelo juice
altered the activation and delay aggregation process. Several lines of evidences have indicated
the roles of flavonoids as antiplatelet functions thru several mechanisms including inhibition
of ADP receptors (P2Y1 and P2Y12)7. Activation of platelet induced the production of free
radicals that involve in the platelet aggregation pathway'>!°>. Therefore, mechanism related to
antioxidants should be considers. In addition, three cultivars of pomelo juice (TD, KT and KY)
have nitrite content in range 3-6 uM. We also suspected the effect of nitrite which it is product
of nitric oxide (NO). NO is chemical compound that potentially inhibit platelet aggregation'®-
17 The mechanism of antiplatelet activity of pomelo juice will be investigated.

Conclusion

Pomelo juice had high content of antioxidants and exhibited antiplatelet activity. The
potency of antiplatelet activity depended on concentration, incubation time and cultivars. TD
showed the highest potency among cultivars. The extract mechanism of antiplatelet activity
will be future investigated.
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Abstract

Drug addiction remains a worldwide problem, and its negative impact on society is
increasing. The dopaminergic pathways of the mesolimbic and nigrostriatal systems have been
shown to be involved in the reward pathway of drugs of abuse. One of the genes, dopamine
receptor (DRD2) gene was reported to play a large role in the rewarding effects of drugs of
abuse. Many have reported an association between the DRD2 locus and drug abuse. There has
been no prior study reported for this gene in Malay Male subjects with co-occurring
amphetamine-type stimulant (ATS) and opioid dependence, so far. Therefore, the aim of the
present study was to investigate the frequencies of DRD2 gene polymorphism among Malay
Male subjects with co-occurring amphetamine-type stimulant (ATS) and opioid dependence.
The study was conducted in 20 Malay Male subjects with co-occurring amphetamine-type
stimulant (ATS) and opioid dependence and 50 control subjects. DNA was extracted from
leucocytes and the allele was determined by a polymerase chain reaction—restriction fragment
length polymorphism (PCR-RFLP). The PCR product was digested with restriction enzymes
Tagql. In this study, there were no mutations detected in DRD?2 allele for the control subjects as
all subjects were found to be wild-type. While the genotype frequencies for DRD2 gene in co-
occurring amphetamine-type stimulant (ATS) and opioid dependence subjects are Al1/Al=
20% (4), A1/A2=55% (11) and A2/A2==25% (5).Larger sample size is needed to confirm the
association of this gene with addiction among Malay subjects.

Keywords: DRD2 gene; Malay Male: co-occurring amphetamine-type stimulant (ATS) and
opioid dependence; PCR-RFLP
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Introduction

Drug addiction remains a worldwide problem, and its negative impact on society is
increasing’ 2. It is a chronic relapsing disorder in which compulsive drug-seeking and drug-
taking behaviour persists despite serious negative consequences.

Dopamine is a neurotransmitter in the central nervous system?® Dopamine is largely
produced in neuronal cell bodies in two areas of the brainstem: the substantia nigra and the
ventral tegmental area®. Previous studies have shown that there were interactions between the
dopaminergic system in reward and drug dependence and withdrawal®. The dopaminergic
pathways of the mesolimbic and nigrostriatal systems have been shown to be involved in the
reward pathway®’.

Dopamine receptor D2 gene (DRD2) appears to play a large role in the rewarding
effects of drugs of abuse. Many have reported an association between the DRD2 locus and
drug abuse®. It has been postulated that substance abuse may be related to a structural deficit
in the dopaminergic reward system’. The most frequently examined polymorphism linked to
DRD?2 gene is the TaqlA restriction fragment length polymorphism (RFLP) which has been
associated with a reduction in D2 receptor density'’. The pharmacological perspective suggests
that diminished responsiveness in the dopaminergic system associated with the DRD2 Taq A1
allele would have a greater contribution as a genetic risk factor in drug abuse, especially for
amphetamines'!.

The aim of this study was to investigate the frequency of DRD2 gene polymorphism
among Malay Male subjects with co-occurring amphetamine-type stimulant (ATS) and opioid
dependence by using a polymerase chain reaction-restriction fragment length polymorphism
(PCR-RFLP).

Materials and Methods

Subjects

A total of 20 Malay Male subjects with co-occurring amphetamine-type stimulant
(ATS) and opioid dependence and 50 control subjects were recruited. All subjects were given
informed consent form to participate in the study. The study was approved by Ethics
Committee of School of Medical Sciences, Universiti Sains Malaysia.

DNA Extraction

Three ml of venous blood was drawn into a tube containing EDTA and stored at -20°C
until the isolation of genomic DNA. Genomic DNA was isolated from the leucocytes using
QIAamp DNA Blood Mini Kit (Qiagen, USA) and the allele was determined by a polymerase
chain reaction-restriction fragment length polymorphism (PCR-RFLP). DNA purity and
concentration was measured by spectrophotometer, Biophotometer Uvette (Eppendorf,
Germany) at 280 nm absorbance
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Molecular analysis

Genotyping of DRD2 gene polymorphism was performed using polymerase chain
reaction/restriction fragment length polymorphism (PCR/RFLP) method as describe by Dan
T.A et al. (2007). The PCR reaction was carried out in a total volume of 25 pl consisting of
10x PCR buffer with KCI, 0.3 pumol/l of each primer as listed in Table 1, 0.16 pmol/l of ANTPs,
0.7 mmol/l of MgCI2 and 0.5 U Taq DNA polymerase (MBI Fermentas Inc., USA). After an
initial incubation at 95°C for 15 min, the PCR products were amplified for 35 cycles of 30 sec
at 94°C, annealing at 55°C for 30 sec, extension at 75°C for 1 min and final extension at 72°C
for 7 min. The 300 bp PCR product was then digested with Taql enzyme (BioLabs Inc., New
Zealand) for 2 hours at 65°C. The digested products were visualized under UV light on 1.4%
ethidium bromide agarose gel with 100 bp ladder.

Figure 1. Agarose gel electrophoresis for PCR or DRD2 gene (300 bp fragments).
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Figure 2. PCR-RFLP result after digestion with Taq Al restriction enzyme. Lane 1, 2 and 3 show a
heterozygous A1/A2 wild-mutant alleles with 125bp, 175bp and 300bp fragment. Lane 4 shows a
homozygous wild-type A1/A1 with 300bp fragment. Lane 5, 6 and 7 show homozygous A2/A2 with
125bp and 175bp fragments.

Results and Discussion

In all reactions, correct lengths of expected PCR products were obtained. Figure 1
shows the PCR products for DRD2 gene with the band size of 300 bp. In the PCR-RFLP
analyses, restriction enzymes used in the present study was found to have worked. Figure 2
shows PCR-RFLP result after digestion with Taq A1 restriction enzyme. The wild-type allele,
A1/A1 allele, remained uncut (300 bp), whereas the mutant allele, A2/A2 allele was digested
into 125 bp and 175 bp. The presence of three fragments at 125 bp, 175 bp and 300 bp were
observed as A1/A2 allele which consists of both wild-mutant alleles. PCR-RFLP is one of the
most reliable methods used for recognition of genetic mutations. The method is based on
specific PCR product cut by restriction endonucleases which is capable of cutting the double-
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stranded DNA'2. Taql restriction analysis of the polymorphism of the DRD2 gene is rapid and
less complex compared to other methods

To our knowledge, the present study describes for the first time polymorphisms of
DRD2 among Malay Male subjects with co-occurring amphetamine-type stimulant (ATS) and
opioid dependent and control subjects. In this study, there were no mutations detected in DRD2
allele for the control subjects as all subjects were found to be wild-type. While the genotype
frequencies for DRD2 gene in co-occurring amphetamine-type stimulant (ATS) and opioid
dependence subjects are A1/Al=20% (4), A1/A2=55% (11) and A2/A2= =25% (5). About
half of our drug addict subjects are having A1/A2 allele. Many studies were conducted to find
an association between Taql A polymorphisms and alcoholism'®, cocaine dependence '* and
smoking status '>'®. Our result is in contrast to the results of DRD2 TaqlA polymorphism
Turkish population where they found that A1/A1 genotype in cannabinoid addict samples were
higher than in control group'’.

This is a preliminary study. Therefore, in order to confirm the association of this gene
with co-occurring amphetamine-type stimulant (ATS) and opioid dependence among Malay
Male population a larger sample size is needed. The clinical relevance of the genetic variants
of DRD2 in this population and drug addiction is still under our investigation.

Conclusion

In conclusion, the PCR-RFLP method described in our study can be used to screen for
and detect DRD2 Taq A1 mutations.
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Abstract

Overstimulation of f-adrenergic receptor ) B-AR( and cardiac injury can cause cardiac
myocyte to increase the synthesis and secretion of several growth factors and cytokines
(paracrine factors) which could activate cardiac fibroblasts in a paracrine manner and thereafter
could lead to cardiac fibrosis. Cardiac fibrosis is characterized by overproduction of
extracellular matrix components (e.g., collagen I, collagen III), induction of cardiac fibroblast
proliferation, expression pro-contractile protein of myofibroblast (e.g., a-SMA) and stiffening
of myocardium, and is often a secondary condition that develops in response to myocardial
infarction, hypertension, or heart failure. Therefore, this study aimed to identify which
paracrine factors upregulated by PB-AR overstimulation and to investigate molecular
mechanism of B-AR-mediated upregulation of these paracrine factors in cardiac myocytes.
This study reported that overstimulation of ~ -ARs by isoproterenol (ISO) increased mRNA
expression of connective tissue growth factor (CTGF), vascular endothelial growth factor
(VEGF) and interleukin-8 (IL-8) in neonatal rat cardiac myocytes. The upregulation of these
growth factors and cytokines significantly peaked at 3-6 hours after stimulation and decreased
thereafter. Conversely, overstimulation of B-ARs did not significantly induce upregulation of
transforming growth factor-beta (TGF-B), insulin-like growth factor-1 (IGF-1), brain-derived
neurotrophic factor (BDNF), interleukin-1p (IL-1p), and interleukin-6 (IL-6). Furthermore, ISO
did not increase the mRNA expression of CTGF, VEGF and IL-8 in pretreatment with either
propranolol (a potent, non-selective B-AR antagonist) or a specific adenylate cyclase inhibitor,
2’3-dideoxyadenosine (ddA), suggesting these effects of ISO are mediated through cAMP
dependent pathway. Moreover, this study showed that paracrine factors released by cardiac
myocytes following ISO stimulation were necessary for the induction of cardiac fibroblast
proliferation and upregulation of collagen III and of a-SMA, supporting that overstimulation
of B-ARs on cardiac myocytes can induce cardiac fibrosis.

Keywords: B-Adrenergic receptor (B-AR), cardiac fibroblast, cardiac fibrosis, cardiac
myocyte, cytokine, growth factor, paracrine factor
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Introduction

Cardiovascular diseases (CVDs) are the leading cause of morbidity and mortality in the
world. In Thailand, the number of patient with heart diseases (e.g., heart failure, angina and
myocardial infarction) and hypertension is rising rapidly over decade and has become a major
public health problem.

In the heart, B-AR stimulation by catecholamine serves as the powerful regulatory
mechanism to enhance myocardial performance and maintenance of cardiac homeostasis'.
Whereas prolong and overstimulation of B-ARs promotes detrimental signaling to cause
several pathological cardiac dysfunction apoptosis, myocardial hypertrophy and heart failure,
high blood pressure, and cardiac remodeling such as fibrosis?>**. In physiological condition,
mammalian heart consists of approximately 70% non-myocytic cells (cardiac fibroblasts are
the majority of the non-myocytic cells) and 30% cardiac myocytes of the total number cardiac
cells’. Crosstalk between cardiac fibroblasts and cardiac myocytes is important for both cardiac
development and the heart’s ability to respond to tissue injury during remodeling.

In the heart, norepinephrine (NE) activates both protein kinase A) PKA( and protein
kinase C) PKC( pathways by a;- and Bi-ARs, respectively and thereby induced cardiac
hypertrophy® ’. Furthermore, NE also upregulates VEGF in rat cardiac myocytes by a paracrine
mechanism®, supporting that stimulation of adrenergic receptor of cardiac myocytes induced
the releasing of fibrogenic proteins, VEGF to affect on cardiac fibroblasts. In human cardiac
cells maintained in primary culture, these cells are able to synthesize and to secrete cytokines
such as IL-6 and IL-11°. These cytokines could be involved in an autocrine and/or a paracrine
networks regulating myocardial cytoprotection, hypertrophy and fibrosis. Baudino et al. also
showed consistent data that angiotensin Il (Ang II), TGF-f, IL-6, IL-11, VEGF and tumor
necrosis factor-alpha (TNF-a) are involved in autocrine and paracrine regulation of myocyte
hypertrophy, fibroblast proliferation, and extracellular matrix (ECM) protein turnover and
deposition'®. Moreover, B-AR stimulation by ISO significantly increases gene expression of
IL-6. IL-6 protein levels in serum and mouse myocardium are also significantly increased in
response to ISO treatment!!* Thus, it is possible that B-AR overstimulation on the cell surface
of cardiac myocytes by ISO increases synthesis and secretion of several paracrine factors. After
that, they could stimulate cardiac fibroblasts in paracrine fashion to cause fibroblast
proliferation, cell differentiation into myofibroblast, and impaired ECM synthesis. These
conditions eventually mediate cardiac fibrosis which develops in response to heart diseases.

Materials and Methods

Reagents

Isoproterenol, propranolol, were purchased from Sigma-Aldrich. 2',5'-Dideoxy-
adenosine (ddA) was purchased from Calbiochem. Dulbecco’s Modified Eagle Medium
(DMEM), fetal bovine albumin (FBS), 0.25% trypsin-EDTA solution, penicillin/streptomycin
(P/S) solution were purchased from Gibco.
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Isolation of neonatal rat cardiac myocytes and fibroblasts

The animal in this study were handled according to approved protocol and animal
welfare regulations of the author’s institutional Review Boards of Faculty of Pharmacy,
Mahidol University (Protocol no. PYR002/2556). A Sprague Dawley rat (pregnant) was from
National Laboratory Animal Center, Mahidol University. The experiments were performed by
using cardiac myocytes and cardiac fibroblasts that were isolated from the ventricles of 1-2
day-old Spraque-Dawley rats. Cardiac myocytes were plated on gelatin-coated plates and
cultured in DMEM containing 10% FBS, 5 mM taurine, 1 pg/ml insulin, 1 pg/ml transferrin,
10 ng/ml selenium and 1% (v/v) P/S solution.

mRNA expression analysis

Growth factors (e.g., BDNF, CTGF, IGF-1, TGF-p and VEGF), cytokines (e.g., IL-1[,
IL-6, and IL-8), a-SMA and collagen III mRNA expressions were determined by real-time
quantitative polymerase chain reaction ) RT-qPCR( method. The mRNA purification was
conducted using Thermo Scientific GeneJET RNA Purification Kit. Quantitative mRNA
analysis was performed on Mx3005p Real Time PCR system using the KAPA SYBR FAST
One step RT-qPCR kit following the manufacturer’s instructions and expressed as fold over
basal.

Cell proliferation assay

Cardiac fibroblast proliferation was assessed by MTT assay, which is based on the
transformation of yellow tetrazolium salt of MTT by mitochondria of living cells to an
insoluble formazan salt which has purple color. Cardiac fibroblasts (2x10* cells/well) were
plate in 96-well plates in DMEM containing 1% FBS and 1% P/S and incubated overnight. The
cells were treated with the medium obtained from ISO-stimulated cardiac myocytes for 24
hours. After that, cells were added 100 pl of MTT solution (concentration 1 mg/ml dissolve in
DMEM) to each well and incubated at 37°C. Untransformed MTT was removed by aspiration,
and formazan crystals were dissolved in 100 pl DMSO. The samples were mixed thoroughly
and were quantified spectroscopically at absorbance 570 nm using Microplate reader. The
percentage of cell viability was calculated according to the following equation.

Cell viability (%) = (Absorbance of treated cells /Absorbance of control cells) x100

Data analysis

All results were showed as mean + standard error of mean (S.E.M). The different
between each group were determined by using analysis of variance (ANOVA). A difference
was considered to be statistically significant if the P value is less than 0.05.

Results

Overstimulation of f-ARs increased mRNA expressions of CTGF, VEGF and IL-8

We investigated the effects of ISO-mediated B-AR stimulation on upregulation of
growth factors and cytokines from neonatal rat cardiac myocytes. We found that ISO
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stimulation for 3-6 hours significantly increased the mRNA expression of CTGF, VEGF and
IL-8 in neonatal rat cardiac myocytes (Figure 1). Whereas, overstimulation of f-ARs with ISO
did not significantly induce the mRNA expression of TGF-, BDNF, IGF-1, IL-1f, and IL-6
(Figure 2).

P-AR-induced mRNA expression of CTGF, VEGF and IL-8 is dependent of adenylate
cyclase (AC)

Our previous results showed that overstimulation of -ARs played an important role in
the synthesis of several growth factors and cytokines, especially CTGF, VEGF and IL-8 in
cardiac myocytes. Thus, we next investigated the signaling pathway of B-AR-mediated
upregulation of these growth factors and cytokines. After ISO stimulation for 6 hours, the
mRNA expression levels of CTGF, VEGF and IL-8 markedly increased compared to that of
non-treated group )vehicle : HoO( (Figure 3). ISO did not increase the mRNA expression levels
of CTGF, VEGF and IL-8 in the presence of propranolol (a potent, non-selective B-AR
antagonist) as pretreatment, suggesting these effects of ISO are mediated through receptor-
dependent pathway.
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Figure 1. Overstimulation of B-ARs increases mRNA levels of CTGF, VEGF and IL-8. CTGF, VEGF
and IL-8 mRNA expression levels in cardiac myocytes were assayed by RT-qPCR. Serum-starved cells
were stimulated with 10 uM ISO for the indicated times at 37°C. The mRNA expression was analyzed
using specific primer for growth factor and cytokine genes. GAPDH served as a loading control. The
mRNA levels were quantified, expressed as fold increase over non-treated group (H>O) and shown as
the mean = SEM (n=3). #P<0.05 versus non-treated group.
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Figure 2. Effects of ISO on mRNA expression of growth factors and cytokines. Growth factors (e.g.,
TGF-B, IGF, BDNF), and cytokines (e.g., IL-1f, IL-6) mRNA expression levels in cardiac myocytes
were assayed by RT-qPCR. Serum-starved cells were stimulated with 10 uM ISO for the indicated
times at 37 °C. The mRNA expression was analyzed using specific primer for growth factor and
cytokines genes. GAPDH served as a loading control. The mRNA levels were quantified, expressed as
fold increase over non-treated group (H>O) and shown as the mean + SEM (n=3).
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Figure 3. Overstimulation of B-ARs by ISO induced mRNA expression of CTGF, VEGF and IL-8 is
dependent of cAMP. Serum-starved cardiac myocytes were pretreated with or without either 10 uM
propranolol or 1 pM ddA before treatment with vehicle (DMEM) or 10 uM ISO at 37°C for 6 hours.
The mRNA expression was analyzed using specific primer for growth factor and cytokine genes.
GAPDH served as a loading control. The mRNA levels were quantified, expressed as fold increase over

non-treated group (vehicle: H,O) and shown as the mean £ SEM (n=3).#*P<0.05 versus non-treated
group; “P<0.05 versus ISO-stimulated group.

After agonist binding, B-AR can couple with a subunit of heterotrimeric G protein
(Gas), which results in activation of AC, followed by elevation of cAMP levels. We next
investigated whether cAMP-dependent pathway plays a role in f-AR-induced the upregulation
of CTGF, VEGF and IL-8 in cardiac myocytes. We found that the effects of ISO were inhibited
by pretreatment with specific adenylate cyclase inhibitor, 2°3-dideoxyadenosine (ddA) (Figure
3), confirming that B-AR-mediated upregulation of CTGF, VEGF and IL-8 is cAMP
dependent.

Paracrine factors released by cardiac myocytes after -AR overstimulation are required for
the induction of cardiac fibroblast proliferation and upregulation of collagen III and of a-

SMA.

Based on the results from our experiments, overstimulation of B-ARs mediates the
release of growth factors and cytokines from cardiac myocytes. It is possible that these growth
factors and cytokines activate cardiac fibroblasts in a paracrine manner. Then, the activated
cardiac fibroblasts increase the synthesis of ECM protein, induce cell proliferation, and
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enhance the cells differentiation into myofibroblasts which are identified by a-SMA. Thus, we
next tested whether the paracrine factors secreted from cardiac myocytes into the medium after
B-AR overstimulation can induce cardiac fibroblast proliferation, cardiac fibroblasts
differentiation into myofibroblasts and ECM upregulation in a paracrine manner. As shown in
figure 4, after ISO stimulation, the medium from culture of cardiac myocytes can cause the cell
proliferation of cardiac fibroblasts ) Figure 4(. Moreover, cardiac fibroblasts treated with
medium from cardiac myocytes following ISO stimulation showed the induction of collagen
III and a-SMA mRNA expression (Figure 5). These results suggest the paracrine factors
released by cardiac myocytes following ISO stimulation are necessary for the induction of
fibroblast proliferation and upregulation of collagen III and of a-SMA, leading to cardiac
fibrosis.

Discussion and conclusion

Stimulation of B-ARs induces the release of paracrine factors such as growth factors
and cytokines from cardiac myocytes. The paracrine activities of cardiac myocytes are
important for regulating the function of cardiac fibroblasts. For instance, NE-mediated f-AR
activation induces the upregulation of vascular endothelial growth factor (VEGF) in rat cardiac
myocyte. Moreover, B-AR stimulation by ISO significantly increases gene expression of IL-
6%. Indeed, it is known that catecholamine treatment induces the production and secretion of
paracrine factors but, presently, the mechanism by which B-AR activate this effect is largely
unknown. In this study, we found that overstimulation of B-AR with ISO significantly increased
the gene expressions of CTGF, IL-8, and VEGF (Figure 1), whereas ISO did not increase the
production of TGF-a, IGF-1, BDNF, IL-18, and IL-6 in cardiac myocytes. -ARs (Gs protein-
coupled receptors) signal through a variety of mechanisms that impact cardiac function,
including contractility, hypertrophy and remodeling. Gs protein-dependent and G protein-
independent (B-arrestin-dependent) pathways each have the capacity to initiate numerous
intracellular signaling cascades to mediate these effects!?. After agonist binding, p-AR can
couple with a subunit of heterotrimeric G protein (Gas), which results in activation of AC,
followed by elevation of cAMP levels. We found that the effects of ISO were inhibited by
pretreatment with specific adenylate cyclase inhibitor, ddA (Figure 3), confirming that B-AR-
mediated upregulation of CTGF, VEGF, and IL-8 is cAMP dependent. Previous studies have
reported that Ang-II, CTGF, TGF-B, TNF-a, VEGF, IL-6 and IL-11 are related with autocrine
and paracrine regulation of myocyte hypertrophy, fibroblast proliferation, fibroblast
differentiation into myofibroblast and ECM synthesis!*> 4. Cardiac remodeling, including
cardiac fibrosis is characterized by the induction of cardiac fibroblasts proliferation'?,
differentiation into myofibroblasts'®, and excessive production of ECM such as collagen I and
collagen III. Our study found that paracrine factors released by cardiac myocytes following
ISO stimulation were necessary for the induction of cardiac fibroblast proliferation and
upregulation of collagen III and of a-SMA, supporting that overstimulation of B-ARs of cardiac
myocytes can induce cardiac fibrosis. We believe that understanding the mechanism of -AR-
mediated production and secretion of paracrine factors in the heart will provide a novel
therapeutic strategy against cardiovascular diseases such as cardiac fibrosis.
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Figure 4. Effects of paracrine factors released by cardiac myocytes following ISO stimulation on
induction of cardiac fibroblast proliferation. Cardiac myocytes were treated with or without 10 uM ISO
at 37°C for the indicated times. After ISO stimulation, the medium in each well, from stimulated cardiac
myocytes, were added into cultured dishes containing cardiac fibroblast and then incubated further at
37°C for 24 hours. Cell proliferation was quantified by MTT assay. The data were expressed as the
percentage relative to the non-treated group (H>0O), and shown as the mean = SEM (n=3). *P<0.05
versus non-treated group (H-O).
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Figure 5. Effects of paracrine factors released by cardiac myocyte following ISO stimulation on
collagen III and a-SMA mRNA expression. Cardiac myocytes were treated with or without 10 uM ISO
at 37°C for 3 hours. After ISO stimulation, the medium in each well, from stimulated cardiac myocytes,
were added into cultured dishes containing cardiac fibroblast and then incubated further for 6 hours.
The mRNA expression was analyzed using specific primer for collagen III and a-SMA genes. GAPDH
served as a loading control. The mRNA levels were quantified, expressed as fold increase over vehicle
(non-treated group : HO) and shown as the mean £ SEM (n=3). *P<0.05 versus non-treated group.
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Abstract

Rice bran extract contains several compounds that have health-supportive properties
including anti-inflammation. The inflammation is the mechanism that involves with immune
systems by release and synthesis of various pro-inflammatory mediators. However, the anti-
inflammatory activities of Thai rice bran extracts has been scarcely studied and so is still
unclear. In this study, the anti-inflammatory-activity with molecular mechanisms of Thai rice
bran extracts on the inhibition of inflammation in L929 fibroblast cells was performed. Three
samples of Thai rice bran extract from Hom Dang, Hom Red Rose, and Hom Dum Sukhothai
I were investigated using LPS-stimulated L.929 cells. Before studying the anti-inflammatory
potentials of these extracts, we tested their cytotoxicity and found that the highest concentration
to be non-toxic was 1/10 dilution (v/v).While in the test of cell inflammation, it was observed
that the treatment of 1929 fibroblast cells with10 pg/ml of LPS for 12 hours significantly
increased the mRNA expression of TNF-oa, COX-2, IL-6, and IL-10, whereas iNOS was
induced remarkably when cells were treated with LPS for 6 hours comparing to the control
(vehicle) group. In the study on anti-inflammatory activity, pretreatment of the above cells with
the studied Thai rice bran extracts at 1/10 dilution (v/v) reduced the LPS-induced TNF-a and
iNOS mRNA expressions, which were similar to the effects shown by indomethacin (10 uM)
and dexamethasone (10uM). Among these three Thai rice bran extracts, Hom Red Rose bran
extract exhibited the highest activity on inhibition of LPS-induced TNF-a and iNOS. All bran
extracts, however, tended to inhibit LPS-induced COX-2 and IL-6 mRNA expression. As
shown in the results, all three Thai rice bran extracts exhibited anti-inflammatory effects
through the inhibition of inflammatory mediator production in LPS-induced 1929 cells. In
further study, the effects of Thai rice bran extracts on inflammatory mediators (e.g., PGE2 and
TNF-a) secretion will be performed by ELISA technique.

Keywords: Rice bran extract, .929, anti-inflammatory activity, TNF-a, COX-2, IL-6,
inflammatory mediators
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Introduction

Inflammation is defensive mechanisms, which respond to foreign substances or
invading organisms. The results of these mechanisms such as immune responses and
phagocytosis or neutralization are beneficial to host. However, inflammation itself can
sometime cause symptoms of chronic diseases, including gout, rheumatoid arthritis',
osteoporosis, diabetes, cancer, bowel diseases?, atherosclerosis and coronary artery disease’.

Activated inflammatory cells (e.g. endothelial cells, circulating white blood cells,
connective tissue cells, and components of the extracellular matrix) increase the secretion of
autacoids, prostanoids, and cytokines that lead to the development of the immune responses.
The cyclooxygenase (COX) is an enzyme responsible for formation of prostanoids and its
pathway is a well-known target of many anti-inflammatory drugs like NSAIDs. The
arachidonic acid is converted into prostaglandins like prostaglandin E> (PGE2) by pro-
inflammatory enzymes, COX-1 andCOX-2*. In inflammation, prostaglandins have major
effects on blood vessels by increasing vascular permeability that causes edema, erythema and
pain!. The inflammatory cells produce several inflammatory mediators such as inflammatory
cytokines (e.g. tumor necrosis factor-o (TNF-a), interleukin-6 (IL-6), interleukin-8 (IL-8), and
interleukin-10 (IL-10)) and chemokines. These mediators play an important role in
inflammatory processes®. Moreover, nitric oxide (NO) is a free radical, which also involves in
the inflammatory process. The production of NO is catalyzed by nitric oxide synthase (NOS)
such as inducible NOS (iNOS)®. NO can induce COX and increase the production of IL-1 and
TNF-o’.

In skin inflammation, skin cells such as keratinocytes, fibroblasts, and endothelial cells
are stimulated by antigens and inflammatory stimuli e.g., ultraviolet (UV) radiation, TNF-a,
IL-1, and lipopolysaccharide (LPS). These activated skin cells produce cytokines that involve
in inflammatory reaction. The skin inflammation can cause chronic inflammatory skin diseases
such as psoriasis®andskin cancer and aging skin’.

The LPS is a main component of the outer membrane of gram-negative bacteria. It
induces inflammatory responses through Toll-like receptor (TLR) proteins signaling
pathways'®. In fibroblast cells, LPS increases the COX-2 production'' and cytokines
production and secretion especially IL-6 then, plays an important role in the inflammatory
stimulation'?. Overproduction of these inflammatory mediators causes inflammation.
Therefore, the inhibition of inflammatory mediator production and secretion is essential in
inflammatory disorders treatment.

Rice is a major socio-economic crop product in many countries including Thailand. Its
rice bran has been extensively studied to possess several important health-enhancing properties
including anti-oxidative, anti-carcinogenic'®, anti-inflammatory, hypocholesterolemic and
anti-diabetic'* effects. The rice bran extracts have been found to compose of well-known
micronutrients and phytochemicals e.g., vitamin E'>, gamma-oryzanol, anthocyanin'¢, which
are strong anti-oxidant agents. It so has been used as ingredient in cosmetic and food
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supplement products to help increase moisture and reduce skin wrinkles. There are studies
showed some Thai rice bran extracts had the essential ingredients’ which can be developed for
the use in cosmetics and health care products.

Many studies revealed that rice bran extract and its compounds had shown anti-
inflammatory effects tested by both cell cultures and animal models such as phytosterylferulate
could inhibit NF-xB activity in colitis induced by dextran sulphate sodium in mice targeted to
use in therapy and/or prevention of gastro-intestinal inflammatory diseases!’. In addition, some
studies showed that the rice bran extract could inhibit LPS-induced inflammation by decreasing
the production and the secretion of many inflammatory mediators such as COX-1, COX-2, IL-
6, etc®.

However, the molecular mechanistic-activity of Thai rice bran extracts on inhibition of
LPS-induced inflammation in fibroblast cells from subcutaneous connective tissue (L929;
mouse fibroblast cell line) has not been investigated. The purpose of this study is to study anti-
inflammatory effects of Thai rice bran extracts in such cells by evaluating their inhibitory
potentials on LPS-induced 929 cells and determining the production and secretion of
inflammatory mediators from such cells.

Materials and Methods

Chemicals and reagents

Dulbecco’s Modified Eagle’s Medium (DMEM), Trypsin 0.25% EDTA, fetal bovine
serum (FBS), penicillin-streptomycin solution, MTT solution, DMSO were purchased from
Biowest Co. (NY, MO, USA), Jena Bioscience Co. (Germany), and Roche (Germany).
Lipopolysaccharide (LPS) from Salmonella enterica serotype typhimurium and indomethacin
were purchased from Sigma-Aldrich (St, Louise, MO, USA). Three Thai rice bran extracts,
Hom Dang, Hom Red Rose, and Hom Dum Sukhothai Il that were extracted by 50%
hydroglycol, were generous gifts from Prof. Malyn Ungsurungsie (Research and development
division, SJI, Thailand).

Cell culture

L929 cells were cultured in DMEM with 10% FBS and penicillin-streptomycin solution
diluted 1:100 and incubated in a humidified atmosphere of 5% CO; incubator under
temperature 37°C. Cell were grown in culture dishes and passaged by trypsinization every 3-5
days.

Cell toxicity testing by using MTT assay

The MTT (3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide), a water-
soluble yellow tetrazolium salt, is converted to an insoluble purple formazan by active
mitochondrial dehydrogenases of living cells. Cell viability was determined by the MTT assay.
Briefly, L929 cells were seeded in 96-well culture plates at a 1.0 x 10* cells/well density in 200
uL of DMEM supplemented with 1% FBS for 24 hours before treated with solvent (vehicle
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control; DMEM) and the solutions of Thai rice bran extracts 1/100,000 — 2 (v/v; volume per
volume from extracts). This experiment was performed in two replicated wells and incubated
for 36 hours. The medium was washed out and replaced with 200 uL of DMEM and added 50
uL of MTT solution (2 mg/mL). After incubated for 4 hours, the medium was removed and the
formed purple formazan crystals were solubilized with 150 pL of DMSO. The absorbance of
treated and control cell plates were read by using a Tecan microplate reader at wavelength 570
nm. The results were the absorption values of the solution at 570 nm, which directly represents
relative cell number. The percentage of cell viability was calculated according to the following
equation and shown in graph between the percentage of cell viability and solution
concentrations.

Cell viability (%) = (absorbance of treated cells / absorbance of control cells) x 100

The mRNA expression of inflammatory mediator measurement

L1929 cells were stimulated by 10 pg/ml of LPS to produce inflammatory mediators
such as TNF-a, COX-2, IL-6, IL-8, IL-10, and iNOS. These cells were divided into four groups;
cells without LPS stimulation (control group; H>0), cells stimulated by LPS, cells pretreated
with the dilution of three Thai rice bran extracts, Hom Dang, Hom Red Rose, and Hom Dum
Sukhothai II, at concentration of 1/10 v/v for 1 hour before stimulated by LPS, and cells
pretreated with either 10 uM of dexamethasone or 10 pM of indomethacin as positive control
for 1 hour before stimulated by LPS. The mRNA expression of inflammatory mediators in each
group was determined by RT-qPCR. The mRNA from L929 cells of each group was extracted
by using RNeasy kits (Qiagen) and purified by using Thermo Scientific GeneJET RNA
Purification Kit. The concentration of mRNA was detected by KAPA SYBR FAST One-step
RT-qPCR kits (KAPA Biosystems, Wilmington, MA) and analyzed by Mx 3005p Real Time
PCR system (Stratagene) following the manufacturer’s instructions. The primer sets designed
from mouse are shown in Table 1. Relative mRNA expression levels were normalized to the
level of the housekeeping internal control mouse gene, glyceraldehyde-3-phosphate
dehydrogenase (GAPDH).

Statistical analysis

Results were expressed as mean + standard error of mean (S.E.M.). The difference
between each group was analyzed by using one-way analysis of variance (ANOVA). The level
of significance was set at P-value < 0.05.

Results

Cell toxicity of Thai rice bran extracts

MTT assay was performed to evaluate cell toxicity and optimal concentration of the
bran extracts from Hom Dang, Hom Red Rose, and Hom Dum Sukhothai Il before studying
anti-inflammatory activities of these three Thai rice bran extracts in LPS-stimulated L.929 cells.
The tested extracts were diluted ten-fold and by then run for MTT assay. Results showed that
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Hom Dang bran extract at concentration less than 1 v/v was not toxic to L.929 cells as cell
survival was more than 80% compared with the control (vehicle group). While above such the
concentrations or at 1 and 2 v/v, the cell viability of L929 were significantly less than 50% and
20%, respectively, (Figure 1A) when compared with the control. For Hom Red Rose bran
extract, the concentrations of 1/10— 1/100,000 v/v were not toxic to L929 cells, but at 1 and 2
v/v, the cell viability of L929 were significantly decreased to be only 30% and 15%,
respectively, compared with the control (Figure 1B). In case of Hom Dum Sukhothai Il bran
extract at 1— 1/100,000 v/v, the cell viability of L929 were more than 70% which showed non-
toxic to L929 cells, while the two-fold dilution decreased cell viability to 16% compared with
the control (Figure 1C).

Table 1. Gene specific primers for RT-qPCR (mouse)

Gene specific primer | Sequences

TNF-o Senge 5'-ATGAGCACAGAAAGCATGATC-3'
Antisense | 5'-TACAGGCTTGTCACTCGAATT-3'

COX-2 Senge 5-TGCATGTGGCTGTGGATGTCATCAA-3'
Antisense | 5'-CACTAAGACAGACCCGTC ATCTCCA-3'

L-6 Senge 5'-GACAAAGCCAGAGTCCTTCAGAGAG-3'
Antisense | 5'-CTAGGTTTGCCGAGTAGATCTC-3’

IL-8 Senge 5-ATGACTTCCAAGCTGGCCGTG-3'
Antisense | 5-TTATGAATTCTCAGCCCTCTTCAAAAACTTCTC-3’

IL-10 Senge 5'-GCTGGACAACATACTGCTAACC-3'
Antisense | 5S'-ATTTCCGATAAGGCTTGGCAA-3'

NOS Senge 5-GTGTTCCACCAGGAGATGTTG-3'
Antisense | 5'-CTCCTGCCCACTGAGTTCGTC-3'

GAPDH Sense 5-GCCTGCTTCACCACCTTC-3’
Antisense | 5'-GGCTCTCCAGAACATCATCC-3’

COX-1 Sen§e 5'-AGTGCGGTCCAACCTTATCC-3'
Antisense | 5'-CCGCAGGTGATACTGTC GTT-3'

TL-1p Sense 5-CAGGATGAGGACATGAGCACC-3’
Antisense | 5'-CTCTGCAGACTCAAACTCCAC-3’

TGF-1 Sense 5-GCGGACTACTATGCTAAAGAGG-3'
Antisense | 5'-GTAGAGTTCCACATGTTGCTCC-3'

The effects of Thai rice bran extracts on inflammatory mediator production.

Before measured the effects of Thai rice bran extracts on inflammatory mediator
production, the inflammatory stimulation of LPS was investigated by measurement of mRNA
expression using RT-qPCR. L1929 cells were stimulated with 10 pg/ml LPS at 1, 3, 6, 12, and
24 hours. After treatment with LPS for 12 and 24 hours, the mRNA expression of TNF-a was
significantly increased when compared with the control (Ohr) (Figure 2A). For COX-2, the
mRNA expression was significantly increased by LPS for 6, 12, and 24 hours compared with
the control (Ohr) (Figure 2B). However, the mRNA expressions of IL-6 and IL-10 were
increased after treatment with LPS for 12 hours (Figure 2C and D, respectively). In addition,
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treatment with LPS significantly increased the iNOS mRNA expression and reached to the
maximum level after 6 hour LPS stimulation (Figure 2E).
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Figure 1. Cell viability of Thai rice bran extracts on L929 cells by MTT assay.L929 cells were treated
with the dilution of Thai rice bran extracts, Hom Dang (A), Hom Red Rose (B), and Hom Dum Sukhothai
11 (C), respectively, at concentrations of 1/100,000 — 2 (v/v; volume per volume from extracts) for 36
hours. Cell viability were shown as mean = SEM (n=3). * P<0.05 vs. the control.
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Figure 2. The changes in the mRNA expressions of TNF-a, COX-2, IL-6, IL-10, and iNOS in LPS-
stimulated L929 cells at various time points by RT-qPCR(A-E). L929 cells were stimulated by 10 pg/ml
of LPS at 1, 3, 6, 12, and 24 hours. Relative TNF-a (A), COX-2 (B), IL-6 (C), IL-10 (D) and iNOS (E)
mRNA levels were quantified and shown as the mean = SEM (n=3).*P<0.05 vs. the control (vehicle

group).

However, treatment with LPS did not increase the mRNA expressions of IL-8, COX-1,
IL-1B, and TGF-B1 (Figure 3A-D).
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Figure 3. The changes in the mRNA expressions of IL-8, COX-1, IL-1f, and TGF-B1 in LPS-stimulated
L.929 cells at various time points by RT-qPCR. (A-D)L929 cells were stimulated by 10 ug/ml of LPS
at 1, 3, 6, 12, and 24 hours. Relative IL-8 (A), COX-1 (B), IL-1B (C) and TGF-1 (D) mRNA levels
were quantified and shown as the mean + SEM (n=3).*P<0.05 vs. non-stimulation (0 hour).

To determine the anti-inflammatory activities of Thai rice bran extracts, L929 cells
were pretreated with dilutions of Thai rice bran extracts for 1 hour before stimulated by 10
pg/ml LPS for 12 hours. The levels of mRNA of inflammatory mediators in treatment with
Thai rice bran extracts dilutions were evaluated and compared with the untreated cells by using
RT-gPCR. The changes in the mRNA expressions of TNF-a, COX-2, IL-6, IL-10and iNOS as
relative ratio to GAPDH are shown in Figure 4. The dilutions of Hom Dang, Hom Red Rose,
and Hom Dum Sukhothai II bran extracts significantly reduced the up-regulated the mRNA
expressions of TNF-a (Figure 4A) and iNOS (Figure 4B) compared with no treatment in LPS-
stimulated L929 cells which showed the similar results to those of indomethacin and
dexamethasone. Moreover, treatment with these three Thai rice bran extracts tended to inhibit
LPS-induced COX-2 and IL-6 mRNA expression (Figure 4C and 4D, respectively). Taken
together, these results indicated that Thai rice bran extracts exhibit the anti-inflammatory
activity in L929 cells by inhibiting LPS-induced inflammatory mediator production.
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Figure 4. The changes in the mRNA expressions of TNF-a (A), iNOS (B), COX-2 (C), and IL-6 (D)
in LPS-stimulated L929 cells by RT-qPCR. L929 cells were treated with the dilutions of Hom Dang,
Hom Red Rose, and Hom Dum Sukhothai Il extracts at concentration of 1/10 (v/v; volume per volume
from extracts) for 1 hour before stimulated by 10 pg/ml LPS for 12 hours. Relative TNF-a (A), iNOS
(B), COX-2 (C), and IL-6 (D) mRNA levels were quantified and shown as the mean = SEM
(n=3).*P<0.05 vs. control; “P<0.05 vs. LPS stimulation.

Discussion and Conclusion

The skin is an important defense to the invasion from outside the body as well as for
maintenance the homeostasis inside. Innate immunity is the first line of defense in the skin. To
counterattack the invasion, the innate immunity induces inflammatory mediators, including
cytokines and chemokines. However, these inflammatory mediators can cause chronic
inflammatory diseases and also induce prematurely aged in skin'®. Fibroblast is one type of
skin cells, which can be stimulated by antigen and inflammatory stimuli and produces
inflammatory mediators®. Rice bran has many healthy benefits, including anti-inflammation'*.
Rice bran extract has anti-inflammatory effects in both cell line and animal experiments!®S,

It was found that the dilutions of Hom Dang, Hom Red Rose, and Hom Dum Sukhothai
II bran extracts at 1/10 v/v were not toxic to 1L929 cells and this concentration was used to
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evaluate the inhibition of L1929 cells-induced inflammatory mediators production and
secretion. To induced intracellular inflammation, we used LPS as chemical-stimulant. The LPS
can increases the production of COX-2!! and cytokines production and secretion in fibroblast
cells'?. The time point for stimulate L929 cells by LPS was detected by using RT-qPCR. After
stimulating the cells by LPS for 12 hours, the mRNA expressions of TNF-a, COX-2, IL-6, and
IL-10 were significantly increased compared with the control. However, the production of IL-
8, COX-1, IL-1B, and TGF-B1 were not significantly increased by LPS stimulation in L929
cells.

The effects on inflammatory mediator production, the treatment with the dilutions of
Hom Dang, Hom Red Rose, and Hom Dum Sukhothai Il bran extracts significantly exhibited
the reduction of TNF-a and iNOS mRNA expressions, especially the dilution of Hom Red Rose
bran extract. It had the greatest inhibition activities. Moreover, treatment with the dilutions of
these three Thai rice bran extracts presented the reduction of the TNF-a and iNOS mRNA
expressions similar to positive controls, indomethacin 10 uM and dexamethasone 10 pM.

As the study of germinated brown rice extract®, the extract also has anti-inflammatory
effects by inhibiting protein expressions of iNOS, COX-2, TNF-a, IL-1p, and IL-6 compared
with LPS-induced macrophage cells. Unfortunately, we could not demonstrate that IL-1
mRNA expression was significantly increased with LPS stimulation in L929 cells, so we
cannot use to detect anti-inflammatory activity. Moreover, the treatment with Hom Dang, Hom
Red Rose, and Hom Dum Sukhothai II bran extracts did not show significantly decrease the
mRNA expressions of COX-2 and IL-6 on LPS-induced L929 cells but we could see the
tendency of inhibition.

In addition, these three of Thai rice are the colored rice. Previously, the components of
colored rice bran extracts were investigated anti-inflammatory effects such as gamma-oryzanol
and anthrocyanin. The gamma-oryzanol in colored rice bran extracts had strong inhibition
activity on the NO production in LPS-IFN-y-activated macrophage cells compared with the
control gamma-oryzanol’. Also as Anthrocyanidins, the sugar-free counterparts of
anthrocyanins, possessed anti-inflammatory activities by inhibiting COX-2 expression in LPS-
stimulated macrophage cells and iINOS protein/mRNA expression in LPS-induced murine
macrophage cells?>?!. Some studies have revealed that the anthrocyanidins inhibited nuclear
translocation of nuclear factor-kappa B (NF-kB) by inhibiting on degradation of IkB-a and also
suppressed NF-kB through down-regulation of MAPK pathways?*22,

Therefore, many components in colored rice bran extracts were found to be anti-
inflammatory agents. As shown in our results, all three Thai rice bran extracts exhibited anti-
inflammatory effects by inhibiting the production of inflammatory mediators. In further study,
we will study the effects of Thai rice bran extracts on inflammatory mediator secretion such as
PGE; and TNF-o.
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Abstract

In searching for a promising candidate for treatment of Alzheimer/dementia, the effect
of the ethanol extract of pomelo cultivar “Kao Numpueng” (KN) on pathological cascade of
Alzheimer’s disease (AD) was investigated by in vitro and cell culture models. The result
exhibited that the ethanol extract of KN showed antioxidant activity by both 2,2'-azino-bis-3-
ethylbenzthiazoline-6-sulphonic acid (ABTS) and 1,1-diphenyl-2-picrylhydrazyl (DPPH)
assay with ICso values of 0.29 and 0.95 mg/mL, respectively. The result from Ellman method
indicated that the KN extract could not inhibit acetylcholinesterase function. In addition, for
ThioflavinT assay which studies an effect on beta amyloid aggregation indicated that the KN
extract at the concentration of 0.1 mg/mL was able to inhibit beta amyloid aggregation with
inhibitory percentage value of 22.92. From the neuroprotection study in cell culture revealed
that the ethanol extract of KN could reduce neuronal death induced by oxidative stress and beta
amyloid toxicity. The overall results indicated that the KN extract possesses multimode of
action involved with AD pathology cascade including antioxidant, anti-aggregation of beta
amyloid, and neuroprotection against oxidative stress and beta amyloid toxicity. Thus, the
pomelo cultivar “Kao Numpueng” might be a potential candidate for further developing as
drug for Alzheimer’s disease

Keywords: Pomelo, Alzheimer, antioxidant, beta amyloid aggregation inhibitor,
acetylcholinesterase inhibitor, neuroprotection

Introduction

Alzheimer’s disease (AD) is a multifaceted neurodegenerative disorder characterized
by loss of memory, progressive deficits in cognitive functions, and severe behavioral
abnormalities. Currently, AD is increasing in elder people over 65 years and affects over 35
million people worldwide!. In line with an increase in average life expectancy, the number of
affected persons is expected to triple by 2050 if the lack of an efficient treatment persists?.
Thus, AD is considered one of essentially troublesome diseases for Public Health System.
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The cause of AD is unclear, but it has been found to be related with the decrease of
acetylcholine neurotransmitter, the accumulation of beta amyloid (AP) and neurofibrillary
triangle and the occurrence of oxidative stress (0S)>¢
including donepezil, galantamine, rivastigmine and memantin, have been approved for AD
treatment’. However, these drugs that modulate such a single target could only enable a
palliative treatment instead of curing or preventing AD. Due to the multi-pathogenesis of AD,

. Todate, only four drugs in the market,

the classical approach modulating at one target may be inadequate in this complex disease.
Therefore, searching the candidates acting at multiple sites of pathologic cascade has become
a new strategy for development of new drugs for AD. In recent years, plant-derived drug
research has become more promising and also a better alternative for synthetic medicine and
therapeutics in spite of many challenges. Natural plant, a rich source of biological and chemical
diversity, may be a potential multi-target drug for treatment of AD. Several natural plants,
vegetables and fruits were developed and researched to cure and prevent AD including ginkgo®,
Brahmi’, Blueberry!? .

Pomelo (Citrus grandis (L.) Osbeck) is the largest citrus fruit. Many cultivars are grown
in Thailand including Tong Dee, Tha. Knoi, Kao Yai, Kao Paen, Kao Nampheung, Kao
Tanggwa, Kao Hom, Kao Phuang and Pattavee ! . Citrus fruits have been recognized as a good
source of bioactive compounds including carotenoids, flavonoids, and linonoids. Citrus fruit
extracts are also found to have active anti-inflammatory, anti-tumor, anti-fungal and blood clot
inhibition properties'?. However, the effect of citrus fruit on neurodegenerative diseases
especially AD have not been reported. Therefore, the aim of our study was to evaluate the
effects of the pomelo cultivar “Kao Numpueng” extract on the biological activities related AD
pathological cascade, namely antioxidant, AChE activity and AP aggregation. In addition, the
neuroprotective effects against oxidative stress and AP toxicity of the extracts were also
investigated in a cell culture model.

Materials and Methods

Materials

Analytical grade reagents were purchased from Sigma-Aldrich (SM Chemical supplies
Co., Ltd, Thailand), Merck (Merck, Thailand) and Fluka (SM Chemical supplies Co., Ltd,
Thailand) and were used as supplied. All solvents were routinely distilled prior to use.

Preparation of sample

The pomelo cultivar “Kao Numpueng” (KN) were collected from Chaiyaphum
provinces, Thailand. Dried and finely powdered fruit pulp of KP (250 g) was extracted with 1
L of ethanol at room temperature for 7 day. The extract was evaporated by a rotary evaporator
and then kept at -20°C until analysis.
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1. In vitro antioxidant activity assays '3

The radical scavenging activity of the ethanol extract of KN was measured by both the
2,2'-azino-bis-3-ethylbenzthiazoline-6-sulphonic  acid (ABTS) and 1,1-diphenyl-2-
picrylhydrazyl (DPPH) method.

The ABTS was dissolved in water to obtain a 7 mM concentration of ABTS stock
solution. ABTS radical cation (ABTS™) was generated by adding 2.45 mM potassium
persulfate to the ABTS stock solution and keeping it in the dark at room temperature for 12—
16 h. The ABTS'" solution was diluted with ethanol to give an absorbance of 0.70+0.02 at 734
nm. The 50 pL of the test compounds were allowed to react with 100 pL of ABTS™" solution.
The absorbance was taken 15 min after initial mixing. Trolox was used as a standard.

The DPPH assay was performed as described by Pichaiyongvongdee. One hundred pL
of the test compound was added to 100 pL of 0.2 mM DPPH solution. After a 30 min of reaction
at room temperature, the absorbance of the solution was measured at 517 nm. The free radical
scavenging activity of each fraction was determined by comparing its absorbance with that of
a control. The ability to scavenge the DPPH radical was calculated using the following
equation:

DPPH scavenging activity (%) = (A0 — A1) /A0 x100
Where AO is the absorbance of the control and A1 is the absorbance of the sample.

2. In vitro AChE inhibitory activity assay °

The ethanol extract of KN was investigated for their acetylcholinesterase (AChE)
inhibitory activity through the modified Ellman’s spectrophotometric method. The assay was
performed in 96-well plate by adding 25 pL of 1 mM acetylthiocholine iodide used as substrate
in the assay, 125 pL of 1 mM 5, 5’-dithiobis-(2 nitrobenzoic acid) (DTNB), 25 uL of 0.1 M
phosphate buffer pH 7.4, 25 puL of the extracts in various concentrations and 50 pL of 0.2
Units/ml AChE from an electric eel (type VI-S), respectively. At least five concentrations of
the test compounds were assayed. The absorbance changes at 405 nm were detected every 30
s over the period of 5 min with a microplate reader. The enzyme activity and the percent
inhibition were determined.

3. In vitro assay for AB aggregation inhibition by thioflavin T assay '°

Thioflavin-T (ThT) fluorescence assay was used to monitor the aggregation state of
AB1-42. The assay was performed as described by Levine with minor modification. Briefly,
twenty-five uM of AB1-42 in 50 mM phosphate buffer, pH 7.4, was incubated at 37 °C with
various concentrations of the extract for 48 h. After incubation, the samples were mixed with
50 uM glycine/NaOH buffer (pH 9.2) containing 5 uM ThT. Fluorescence intensities were
measured at an excitation wavelength of 446 nm and an emission wavelength of 490 nm. The
fluorescence intensities were recorded, and the percentage of inhibition on aggregation was
calculated by using the following equation: (1 - IFi/IFc) * 100% in which IFi and [Fc were the
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fluorescence intensities obtained for absorbance in the presence and absence of the test

compound, respectively, after subtracting the background fluorescence of 5 uM ThT in the
blank buffers.

4. Effect on H;0;:-induced oxidative cell damage in neuroblastoma cells 7

Neuroblastoma cells (SH-SYS5Y) were cultured in Dulbecco’s Modified Eagle Medium
(DMEM)/F12 containing 50 IU/ml penicillin, 50 g/ml streptomycin, 2 mM L-glutamine, and
10% fetal bovine serum. Cultures were maintained at 37°C in a humidified incubator in an
atmosphere of 5% CO.. For assays, the SH-SYSY cells were seeded in a 96-well plate and
incubated for 48 h. After this incubation period, the cells were treated with various
concentrations of test compounds for 2 h. After removing the unabsorbed test compounds, the
cells were treated with hydrogen peroxide (H20:) for 2 h to induce oxidative stress. The cell
viability was determined by 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium
bromide (MTT) colorimetry. The optical density of each well was measured at 550 nm in a
microplate reader.

5. Effect on Ap-induced cell damage in neuroblastoma cells 17

Lyophilized AB1-42 (Sigma) was reconstituted in sterile water at a concentration of 2
mM and keep at -80 °C until use. Aliquots were diluted with a culture medium to achieve a
final concentration of 25 uM and then incubated at 37°C for 72 h to form aggregated amyloid.

Neuroblastoma cells (SH-SYS5Y) were cultured in Dulbecco’s modified Eagle’s
medium (DMEM) /F12 containing 50 IU/ml penicillin, 50 g/ml streptomycin, 2 mM L-
glutamine, and 10% fetal bovine serum. Cell cultures were maintained at 37°C in an
atmosphere of 95% humidified air and 5% CO.. For assays, SH-SYSY cells were sub-cultured
into a 96 well plate for 24 h. Then, the cells were incubated with aggregated AB1-42 (25 uM)
without or with various concentrations of the extract for 24 h. Cell viability was determined by
staining the cells with 0.5 mg/mL of MTT. The absorption was measured by a well plate reader
at 550 nm.

Statistical analysis

The results are expressed as mean + SD (n = 4-6). Statistical significance was
determined by one way analysis of variance (ANOVA). For all statistical analysis, significance
levels were set at p value < 0.05.

Results and discussion

Due to the multi-pathogenesis of AD, the agents acting at multiple sites of pathologic
cascade seem to be a potential drug for AD treatment. Pomelo, a rich source of biological and
chemical diversity, may be a potential multi-target drug for treatment of this disease. There are
a rich variety of pomelo cultivars, including Tong Dee, Tha. Knoi, Kao Yai, Kao Paen, Kao
Nampheung, Kao Tanggwa, Kao Hom, Kao Phuang and Pattavee. Among them, Kao
Nampheung had the highest phenolic content!!. The polyphenolic compounds from plants are
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known to possess several bioactivities including antioxidant, antithrombotic, anti-Af}
aggregation, anticancer, and antidiabetic activities'®!. Therefore, the pomelo cultivar “Kao
Numpueng” (KN) was chosen to evaluate its neuroprotection for AD in this study. The effect
of KN extract on the biological activities related AD pathological cascade, namely antioxidant,
AChE activity and AP aggregation was investigated. In addition, the neuroprotective effects
against oxidative stress and A toxicity of the extracts were also determined in a cell culture
model.

1. In vitro antioxidant activity assays

The reduction of the oxidative stress is a crucial aspect in designing agents for AD
treatment. We examined the antioxidant activities of the ethanol extract of Pomelo cultivar.
“Kao Numpueng” (KN) by using the ABTS and DPPH radical scavenging method. Its ability
to scavenge radicals was shown as ICso, the test compound’s concentration resulting in 50%
inhibition of free radical. Trolox, a water-soluble vitamin E analogue, was used as a reference
standard. Our results showed that the KN extract had the ability to scavenge both ABTS and
DPPH radicals with ICso of 0.28 and 0.95 mg/mL, respectively, as shown in Table 1. Trolox
used as a positive control exhibited ABTS and DPPH radical scavenging activity with ICso of
28.29 and 26.12 uM, respectively.

Table 1. The effects of the KN extract on radical scavenging, AChE activity and A aggregation.

DPPH assay? | ABTS assay? | AChE assay® | AP aggregation assay

Compounds (ICs0) (ICs0) (ICs0) (% Inhibition)
Tacrine (uM) nd nd 0.42+0.16 nd
Trolox (UM) 26.12£2.32 28.29+ 1.41 nd nd
Curcumin nd nd nd 38.96 + 6.90

(at 10 uM)

pomelo extract 0.95+0.01 0.29£0.07 >1.00 22.92+3.54
(mg/mL) (at 0.1 mg/mL)

nd = not determine

Data are expressed as ICso, the test compound’s concentration that inhibits 50%of free radicals
(mean + SD).

YAChE from electric eel; ICso, inhibitor’s concentration that inhibits 50% of AChE (mean = SD).

2. In vitro AChE inhibitory activity assay

AD has also been found to be associated with a cholinergic deficit in the post-mortem
brain characterized by a significant decrease in acetylcholine amount. The main role of AChE
is to rapidly hydrolyze acetylcholine at the cholinergic synapses, ending the transmission of
nerve impulses®. Therefore, inhibition of AChE appears to be a useful therapeutic path to
reduce, at least temporarily, the cognitive deficit in AD. In this experiment, the effect of KN
extract on AChE activity was evaluated according to the spectrophotometric method of Ellman.
It is well known that the anti-amnesic effects of tacrine are due to AChE inhibition in brain.
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Tacrine was used as a positive control. The result exhibited that the ethanol extract of KN does
not show ability to inhibit AChE until the concentration of 1 mg/mL (Table 1).

3. In vitro assay for Af aggregation inhibition by thioflavin T assay

The key hallmark of AD pathogenesis is the formation of toxic AP plaques in the brain
of AD patients. Therefore, preventing or reducing the aggregation of AP has been the primary
goal of a number of therapeutic strategies under development or in clinical trials. In the present
study, we examined the effects of KN on the inhibition of AP aggregation using the Th-T
fluorescence assay. Table 1 shows the percentage of inhibition on aggregation of KN extract.
As shown in Table 1, The KN extract were found to inhibit the aggregation of AB1-42 with %
Inhibition of 22.92 at the concentration of 0.1 mg/mL.

4. Effect on H:0:-induced oxidative cell damage in SH-SY5Y cells

The neuroprotective effect against oxidative stress of the KN extract was determined
by colorimetric MTT [3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide]
assay in the neuroblastoma cell (SH-SY5Y). H>O; was used to induce oxidative damage and
curcumin was included as a reference compound. SH-SYS5Y cells were treated with 0 to I mM
concentrations of H>O; in order to determine the concentration of H>O> which kills 50% of
cells. The results showed that H>O» reduced the viability of SH-SY5Y cells in a concentration
dependent manner, the ICso was found to be 250 uM after treatment with H>O» for 2 h. At this
concentration, the cell viability was about 50% of the control viability. Therefore, for
subsequent protection experiment, H>O> at a concentration of 250 pM was used to treat the
cells for 2 h. As reported in Figure 1, treatment of the neuronal cell with our test compounds
significantly increased the cell viability compared with the H>O» only treated control. The KN
extract showed a significant effect at the dose of 1- 100 ug/mL when compared with the H,O»
only treated control. The results obtained from ABTS and DPPH assays reveal that our extract
possesses antioxidant activity. Thus, the neuroprotective action against oxidative stress of the
KN extract might be enhanced by the antioxidant action.

5. Effect on Af-induced cell damage in SH-SY5Y cells

The neuroprotective effects of the KN extracts were determined against the AB1-42
peptide induced toxicity in SH-SYSY neuroblastoma cells. To determine the concentration of
AB1-42 which reduce cell viability significantly, the cells were treated with various
concentration of AB1-42. The result showed that AB1-42 significantly decreased cell viability
in a concentration dependent. A concentration of 25 uM was chosen to induce toxicity to SH-
SYSY cells in the subsequent experiment. In this test, curcumin at 10 puM was used as a
reference compound which significantly increased cell viability with p-value less than 0.01
compared with the AB1-42 only treated group. Both of the KN extract and curcumin showed a
similar neuroprotective effect against AB1-42 peptide induced neurotoxicity (Figure. 2).
Treatment of SH-SYS5Y cells with the KN extract at concentrations of 1 - 100 pg/ml
significantly reduced the cell viability loss evoked by AB1-42 peptide. The result obtained from
anti-aggregation assay indicated that our extract could inhibit AP aggregation. Thus, the
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protective action against the AB1-42 peptide of the KN extract might be enhanced by the
antioxidant and anti-Af} aggregation action.
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Figure 1. Effect of the KN extract (0.1-100 pg/mL) on H»O»-induced oxidative cell damage in
neuroblastoma cells. Curcumin at 10 uM was used as a reference standard. Data are means = SD (n =
5) *p < 0.05 and **p<0.01 compared to the H,O»-treated control group.
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Figure 2. Effect of the extract of KN on AB1-42 peptide-induced neurotoxicity in SH-SYSY cells. The
cell viability of SH-SYSY cells was determined by MTT assay, after 24 h of incubation with Af1-42
peptide (25 uM) in the presence or absence of various concentrations of test compounds (1-100 pg/mL).
The values are reported as mean + SD (n = 5) *p <0.05 and **p<0.01 compared to the AB1-42 -treated
control group.
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Conclusion

The results of the present study indicate that the KN extract possesses multimode of

action involved with AD pathology cascade including antioxidant, anti-aggregation of Af3, and

neuroprotection against oxidative stress and A toxicity. Thus, the Pomelo cultivar “Kao
Numpueng” might be a potential candidate for further developing as drug for Alzheimer’s
disease.
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Abstract

Cholangiocarcinoma (CCA) is the cancer of bile duct with high incidence and mortality
rate in the northeastern region of Thailand. Afractylodes lancea (Thunb.) DC. (AL) has been
used as crude extract in different preparations for treatment of various diseases in China, Japan,
and Thailand. It contains several bioactive components including atractylodin, B-eudesmol,
hinesol, and atractylone. The aim of the study was to optimize the extraction method/condition
for AL using three different extraction procedures, i.e., maceration, sonication, and heat-reflux.
Cytotoxicity of the extracts, B-eudesmol, atractylodin, and 5-fluorouracil (5-FU: reference
control) on CCA cell line CL-6 and normal human embryonic fibroblast cell line OUMS-36T-
IF was evaluated using standard MTT assay. The cytotoxic activities represented by ICso
(concentration that inhibits cell growth by 50%: mean + SD) values of the crude ethanolic
extracts prepared by sonication, maceration and heat-reflux were 26.15 + 0.47, 33.02 + 0.18,
and 33.61 +4.70 pg/ml, respectively. The maceration, although not the most efficient method,
was selected for further optimization due to its simplicity, cost-effectiveness, and applicability
for large scale production. Results showed that 24 hours maceration twice, provided the most
suitable condition to prepare the extract with regard to the extraction yield and cytotoxic
activity (9.95% yield, ICso: 33.15 &+ 2.50 pg/ml). The ICso of B-eudesmol, atracylodin, and 5-
FU were 29.60 + 1.00, 45.69 + 3.40 and 107.72 + 1.69 ng/ml, respectively. This extraction
procedure and condition will be used for further development of the oral pharmaceutical
formulation for preclinical studies.

Keywords: Atractylodes lancea, chologiocarcinoma, cytotoxicity, extraction method,
maceration
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Introduction

Cholangiocarcinoma (CCA) is the cancer of bile duct originating from the malignant
transformation of epithelial cell that lines the biliary tract. This type of cancer is found
worldwide including in the United States of America, Canada, Australia, and South-East Asia
(M The highest incidence is reported from South-East Asia particularly the northeastern region
of Thailand where consumption of improperly cooked or fermented food that contains
Opisthorchis viverrini is common @, Treatment strategies for CCA include surgery, radiation,
chemotherapy, and liver transplant ). Nevertheless, all of them remain unsatisfactory with high
mortality rate. Clinical efficacy of the currently used standard chemotherapeutic drugs such as
5-flurouracil (5-FU) is low ©). New alternative drugs are urgently needed to control this cancer.

The rhizomes of Atractylodes lancea (Thunb.) DC. (AL) has been used in traditional
medicine in China, Japan, and Thailand for treatment of several diseases including digestive
disorder, rheumatoid, arthritis, night blindness, fever, and common cold ©. Previous studies
have demonstrated promising cytotoxic activity of the crude ethanolic extract of AL against
the CCA cell line CL-6 . However, the most efficient extraction method that provides extract
with highest yield and potent cytotoxic activity has never been investigated. The aim of the
present study was to evaluate the efficiency of the three extraction methods for AL, i.e.,
maceration, sonication, and heat-reflux. In addition, optimization of the extraction condition of
the selected extraction method was also performed. The efficiency of the extraction
method/condition was evaluated based on cytotoxic activities (MTT assay) of the extracts

against the CCA cell line CL-6 in comparison with normal human embryonic fibroblast cell
line OUMS-36T-1F.

Materials and Methods

1. Plant materials

The rhizome of AL (grown in Heilongjiang, China) was purchased from local supplier
in Nakhonprathom province of Thailand. The plant species was confirmed by macroscopic and
microscopic characterization. The rhizome was pulverized, kept in sealed plastic bag and stored
in dry condition.

2. Chemical and reagents

MTT (Sigma-Aldrich, USA), dimethylsulfoxide (Ameresco, USA), 5-fluorouracil
(Wako Pure Chemical Industries, Ltd., Osaka, JPN), RPMI, and DMEM medium, fetal bovine
serum, and antibiotic-antimycotic solution (Gibco BRL Life Technologies, NY, USA) were
obtained commercially.

3. Cell culture

The cholangiocarcinoma cell line CL-6 was established and kindly provided by
Associate Professor Dr. Adisak Wongkajornsilp of the Department of Pharmacology, Faculty
of Medicine (Siriraj Hospital), Mahidol University and normal human embryonic fibroblast
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cell line OUMS-36T-1F was purchased from JCRB Cell Bank, Japan, were cultured in RPMI
and DMEM medium, respectively, with supplementation of 10% heat-inactivated fetal bovine
serum and 100-IU/mL antibiotics-antimycotics. All cells were maintained at 37°C in a 5% CO-
atmosphere with 95% humidity.

4. Selection of extraction method

Three different extraction methods, i.e., maceration, sonication, and heat-reflux were
used to prepare AL extracts as follows:

4.1 Maceration method: Powdered plant material (10 g) was macerated in a stopper
flask containing 300 ml of 95% ethanol at room temperature (25-30°C) for 7 days
with continuous stirring.

4.2 Sonication method: Powdered plant material (10 g) was put in a stopper flask
containing 100 ml of 95% ethanol at room temperature (25-30°C) and sonicated
for 30 minutes.

4.3 Heat-reflux method: Powdered plant material (10 g) was put in a stopper flask
containing 100 ml of 95% ethanol and heated on water bath (95 °C) for 50 minutes.

The extracted solvent was removed and filtered through Whatman no.1 filter paper (GE
Healthcare, Maidstone, UK). The solvent was pooled, evaporated under reduced pressure by
rotary evaporation, and put on a water bath until dried. The dried extract was weighed and
stored at 4°C until use.

5. Optimization of the maceration method

Powdered plant material (200 g) was macerated in a stopper flask containing 1,000 ml
of 95% ethanol at room temperature with agitation under four conditions as follows:

A: Maceration for 24 hours, once
B: Maceration for 24 hours, twice
C: Maceration for 24 hours for three times
D: Maceration for 72 hours, once

The extracted solvent was removed and filtered through Whatman no.1 filter paper (GE
Healthcare, Maidstone, UK). The solvent was pooled, evaporated under reduced pressure by
rotary evaporation, and finally dried by Freeze dryer. The dried extract was weighed and stored
at 4°C until use.

6. Cytotoxicity assay

CL-6 and OUMS-36T-1F cells (10,000 cells) were added into each well of a 96 well
plate and treated with macerated extract of AL, as well as the active compounds -eudesmol,
atractylodin, and 5-FU (positive control drug) at concentrations ranging from 250 to 1.95 pg/ml
and cell viability was assessed by MTT assay. ICso (concentration that inhibits cell growth by
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50%) was estimated using CalcuSyn software (Biosoft, Cambridge, UK). Selectivity index
(SI) was calculated from the ratio of the ICso of the extract/test compound in CL-6 and OUMS-
36T-1F cell lines.

Results

1. Selection of extraction method

Brown and sticky extract products were obtained following the three extraction
methods. The extraction efficiencies (% yields) of different methods in descending order were
heat reflux (12.10%), followed by sonication (11.90%), and maceration (11.75%). Cytotoxic
activities of the extracts prepared by the three methods including the active compounds against
CL-6 and OUMS-36T-1F are shown in Table 1. All of the three extraction methods provided
the extracts with comparable cytotoxic activities against CL-6 with ICso values ranging from
26.15+0.47 to 33.61+4.70 ng/ml. The potency of activities of the AL extracts was about 3.3 -
4.2 fold of the positive control drug 5-FU. The maceration method was selected for further
evaluation of the optimal extraction condition as it is relatively simple, cost-effective, and
applicable to large scale production.

Table 1. ICso (mean + SD) and selectivity index (SI) of 5-FU and the extracts of A. lancea (Thunb.)
DC. rhizome prepared by maceration, sonication, and heat-reflux (n = 3).

Plant/Drug | Extraction ICso SI
method CL-6 OUMS-36T-1F
A. lancea | Maceration 33.02+0.18 77.79+3.53 2.33
(Thunb.) pg/ml pg/ml 2.35
DC. Sonication 26.15+0.47 63.50+3.17 2.42
pg/ml pg/ml

Heat-reflux 33.61+4.70 70.14+1.71 2.12
pg/ml pg/ml 2.08
5-Flurouracil 107.72+1.69 135.12+11.06 4.87
uM uM 1.25

2. Optimization of the maceration condition

The most efficient maceration condition which provided the highest extraction yield
(10.74%) was the extraction duration of 24 hours for three times. The maceration which
provided the extract with most potent cytotoxic activity (ICsp 27.49 £+ 0.98 ug/ml) was the
extraction duration of 24 hours, once (Table 2). Considering the compromised performance
of the extraction efficiency (9.95%) and cytotoxic activity (ICsp 33.15 + 2.50 pg/ml), the
maceration condition of 24 hours extraction twice was selected as the most optimal condition
for AL extraction. This extraction condition was therefore used to compare the cytotoxic
activities of the macerated extract of AL and its two active compounds B-eudesmol,
atractylodin, and 5-FU (Table 3). B-Eudesmol was the most potent compound against CL-6
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with mean ICsp of 29.60+1.00 pg/ml and relatively high SI (3.1). The potency of cytotoxic
activities against CL-6 of the extract and the active compounds were about 2.4-3.8 times of 5-
FU.

Table 2. Extraction efficiency (% yields), appearance and cytotoxic activities against CL-6 cells of the
products following different maceration conditions used to prepare A. lancea (Thunb.) DC.
extracts (n = 3).

A.lancea % Yield Appearance ICso (pg/ml)
A: Maceration for 24 hours, once 5.42 Brown and sticky | 27.49+0.98
B: Maceration for 24 hours, twice 9.95 Brown and sticky | 33.15+2.50

C: Maceration for 24 hours, three times 10.74 Brown and sticky | 45.75+1.82

B: Maceration for 72 hours, once 7.76 Brown and sticky | 43.13+0.67

Table 3. The ICso values (mean + SD) and SI for CL-6 and OUMS-36T-1F cell lines of the extract of
A.lancea (Thunb.) DC. prepared by 24 hours maceration twice, B-eudesmol, atractylodin, and
S-flurouracil (n = 3).

ICso SI
CL-6 OUMS-36T-1F
Macerated extract for 308
24 hours (twice) 33.154+2.50 pg/ml 113.98+3.39 ng/ml 344
B-Eudesmol 29.60+1.00 ug/ml | 86.52+7.38 pg/ml Yo
Atractylodin 45.69+3.40 ug/ml | 95.27+17.86 pg/ml e
5-Flurouracil (5-FU) 107.72+1.69 uM 135.12+11.06 pM };2

Discussion and Conclusion

All of the three extraction methods provided AL extracts with acceptable extraction
yields (11.75-12.10%) and cytotoxic activities (ICso <50 pg/ml) against CL-6 cell line. Among
the three methods, the heat reflux method provided the extract with highest yield, followed by
maceration, and sonication. Due to its relative simplicity, cost effectiveness, and applicability
to large scale production, the maceration method was selected for further evaluation for the
optimal condition (extraction duration and number of repeated procedures. Results showed that
maceration for 24 hours twice was the most suitable condition with regard to the extraction
yield and cytotoxic activity against CL-6.) Based on the ICso values, the cytotoxic activity of
the crude extract is considered as potent as its purified active compounds. The selectivity of
both the crude extract and purified compounds on cytotoxicity against CL-6 cells was relatively
high compared with the standard drug 5-FU.

In conclusion, results signify the importance of optimization of the extraction method
and condition for AL before further investigation of its biological activities. These optimized
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methods will be applied for large scale production of the crude extract of AL for preparation
of oral pharmaceutical formulation for future preclinical studies.
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Abstract

Allopurinol is one of the common causes of severe cutaneous adverse reactions
(SCARs), including Stevens-Johnson syndrome (SJS), toxic epidermal necrosis (TEN), and
drug rash with eosinophilia and systemic symptoms (DRESS) in Thailand. Despite the HLA-
B*58:01 are strongly associated with allopurinol-induced SJS/TEN, the association with
allopurinol-induced DRESS has not been investigated in Thai population. The aim of this study
was to investigate the predisposition to different types of allopurinol- induced cutaneous
adverse drug reactions (CADRSs) including SJS and SJS/TEN (n=11), DRESS (n=6) conferred
by HLA-B*58:01 in a Thai population. This case-control association study included 17 cases
with allopurinol-induced SCARs in comparison with allopurinol-tolerant control patients
(n=95) and population control group (n=1,095) in Thailand. The control group was comprised
of patients who had received allopurinol for > 6 months without any adverse cutaneous event.
HLA-B allele was genotyped by using a two-stage sequence-specific oligonucleotide probe
system (PCR-SSOP). Regardless of the type of SCARs, 100% (n=17) of Thai with SCARs due
to allopurinol have been found to be at least heterozygous for HLA-B*58:01. The risk of
allopurinol-induced SCARs was significantly higher in the patients with HLA-B*5801 allele
with an odd ration of 925 (95%CI: 45.73-18709.02, p < 0.01). This study demonstrated HLA-
B*58:01 as a broad predictor for allopurinol-induced SJS/TEN and DRESS. These results
suggest that screening tests for HLA-B*58:01 allele in patients who will be treated with
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allopurinol will be clinically helpful in preventing the risk of developing SIS/TEN and DRESS
in Thai population.

Keywords: HLA-B*58:01, allopurinol, Thais, SCARs, drug hypersensitivity, SIS/TEN,
DRESS

Introduction

Allopurinol is a commonly prescribed medication that has been used to inhibit xanthine
oxidase in patients with gouty arthritis, hyperuricemia and in cancer patients undergoing
chemotherapy!-. Allopurinol is a major cause of severe cutaneous adverse reactions (SCARs)
including Stevens-Johnson syndrome (SJS), toxic epidermal necrolysis (TEN), drug reaction
with eosinophillia and systemic symptoms (DRESS) in Thailand®*. Several studies have
reported that severe reactions to allopurinol are strongly associated with HLA-B*58:01, which
is carried by 8% to 15% of Han Chinese and Thais*>, but occurs relatively infrequently in
Japanese (0.6%) and European (0.8%) populations’%.

A previous publication from Thailand showed that the HLA-B*58:01 allele is a strong
marker for allopurinol-induced SCARs in the Thai population®. However, that study reported
only an association between allopurinol-induced SJS/TEN and HLA-B*58:01. More recently,
a high frequency of HLA-B*58:01 was reported in Portuguese patients with allopurinol-
induced DRESS’.

Although allopurinol-induced DRESS is much more common than SJS/TEN,
particularly in Thailand, there are no data describing whether HLA-B*58:01 could be used as
a genetic marker for DRESS induced by allopurinol. Therefore, this study aims to determine
the association of allopurinol-induced SCAR, which includes DRESS and SJIS/TEN with the
HLA-B*58:01 allele.

Materials and Methods

Subjects and characteristics

In this study, we carried out research as a retrospective and prospective case-controlled
study. From 2011 to 2014, patients with allopurinol-induced SCAR admitted to the allergy
clinic of Faculty of Medicine Ramathibodi Hospital, Mahidol University were enrolled. Seven
teen patients with allopurinol-induced cutaneous adverse drug reactions (CADRs) were
categorized into DRESS (6 cases) and SJS/TEN (11 cases). Patients who had been taking
allopurinol for more than 6 months without evidence of cutaneous adverse effects were
recruited as allopurinol-tolerant controls (n=95). In addition, healthy individuals who had not
taken allopurinol and had no history of drug induced cutaneous adverse reactions were included
in this study. Data for this healthy control group was obtained from 1,095 subjects undergoing
HLA-B genotyping through the Laboratory for Pharmacogenomics, Somdech Phra Debaratana
Medical Center (SDMC), Ramathibodi Hospital, Thailand. The study was performed and
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approved by the Ramathibodi Hospital ethical review board, and informed consent was
obtained from all of the participants.

Diagnosis of cutaneous adverse drug reactions (CADRs)

All CADR patients were assessed by a dermatologist and allergist who reviewed
photographs, pathological slides, clinical morphology and medical records. The diagnosis of
drug-induced DRESS, SJS, and TEN was made according to the RegiSCAR criteria'®. In brief,
DRESS was diagnosed in patients presenting with fever, maculopapular rash with internal
organ involvement, and hematologic abnormalities. SIS was diagnosed in patients with skin
rash and mucosal erosion covering 3% to 10% of body surface area (BSA) whereas SJS/TEN
overlap was diagnosed in patients with epidermal necrosis whose blistering skin lesions
affected between 10-30 % of BSA.

Genomic DNA extraction

Blood samples were collected into EDTA tubes. DNA was isolated using the MagNA
Pure automated extraction system (Roche Diagnostics, USA) based on magnetic-bead
technology. The quality of genomic DNA was assessed using a Nano Drop ND-1000 to
measure quantity and purity of genomic DNA. All DNA was aliquotted and stored at -20.C

before analysis.

HILA-B typing

HLA-B genotyping was carried out using LuminexTM Multiplex Technology
(Luminex®IS 100, USA) based on polymerase chain reaction-sequence specific
oligonucleotide probe (PCR-SSOP) principles. Briefly, PCR products were hybridized against
a panel of oligonucleotide probes coated on polystyrene microspheres that have sequences
complementary to stretches of polymorphic sequence within the target HLA-B alleles. The
amplicon-probe complex was visualized using a colorimetric reaction and fluorescence
detection technology. Data analysis for the HLA-B assays was performed with HLA
fusionTM2.0 software.

Statistical analysis

The association between HLA-B*58:01 and allopurinol-induced SCAR was evaluated
by comparing the group of individuals with SCAR with the allopurinol-tolerant groups and the
general population. Data was counted by presence or absence of HLA-B*58:01 allele. Chi-
square test and Fisher's exact test were used to analyze the association between allopurinol-
induced CADRs and HLA-B*58:01. Statistical analysis was performed using SPSS version
16.0 (SPSS Inc., Chicago, IL, USA). The strength of association was estimated by calculating
the odds ratio (OR) with a 95% confidence interval (CI).

Results

Duration of allopurinol exposure to symptom onset, starting dose, indication of drug
use, and the results of HLA-B genotyping are summarized in Table I. In the allopurinol-
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induced SCARs group, the subgroups of patients with SJS, SJIS/TEN overlap and DRESS
comprised 8 (47.06%), 3 (17.65%) and 6 (35.29%) patients, respectively. Among 17 patients
with allopurinol-induced SCARs, all of them (100.00%; 6 DRESS, 11 SIS/TEN) had HLA-
B*58:01. We observed a significant increase in HLA-B*58:01 allele frequency when
comparing allopurinol-induced SCARs and -tolerant groups (100.00% vs. 3.2%, p<0.01: OR
925.00, 95%CI=45.73-18709.02). In addition, the risk of allopurinol-induced SCAR was
significantly higher when comparing with the healthy population (100.00% vs. 10.10%,
p<0.01; OR 309.04, 95% CI: 18.46-5174.25). In this study, there was a difference in the
frequency of HLA-B*13:01 allele between the allopurinol-induced SCARs vs. allopurinol-
tolerant and the untreated individuals (17.6% vs. 10.5% and 12.5%), but no significant
association was found (7able 2).

In particular, HLA-B*58:01 was present in all 11 (100%) patients with allopurinol—
induced SJS/TEN. As shown in Table 3, the HLA-B 58:01 allele occurred at significantly
increased frequencies among the allopurinol-SJS/TEN patients compared to the allopurinol-
tolerant group (100.00% vs. 3.2%, p<0.01; OR=607.86, 95%CI: 29.49-12530.13). When
comparing the frequency of the HLA-B*58:01 allele between the allopurinol-induced DRESS
and the allopurinol-tolerant patients, the OR of HLA-B*58:01 was highly significant
(OR=343.57, 95% CI: 15.98-7387.26, p<0.01), as shown in Table 4.

Discussion

The case—controlled analysis included 17 cases of allopurinol-induced CADRs, which
included DRESS (6 cases) and SIS/TEN (11 cases). The association study in Thai patients
examined only a limited phenotype of allopurinol-induced SJS/TEN?. Previous studies have
proposed association of immune mechanisms in the development of several forms of
allopurinol-induced SCARs (SJS, TEN, and DRESS). Hung et al. has shown that the HLA-
B*58:01 allele is a strong genetic factor in the incidence of SCAR for Han Chinese taking
allopurinol®. Although, Tassaneeyakul et al. were the first to identify an association between
HLA-B*58:01 and allopurinol-induced SJS/TEN?, no published data have yet confirmed such
a strong correlation of HLA-B*58:01 and allopurinol-induced DRESS in Thai patients. This
finding reveals that the risk of developing SCARs among those allopurinol users with HLA-
B*58:01 is significantly increased by 108.33 times (95% CI; 11.96-980.83) compared to
allopurinol-tolerant controls. In this study, we confirmed the association between HLA-B*
58:01 and allopurinol-induced SCARs, including SJS/TEN and DRESS (OR 925).

Novelty, we also identified an association between HLA-B*58:01 and allopurinol-
induced DRESS in Thai population (OR=925.00). The association is 100% in that the HLA-
B*58:01 was present in all 6 patients with allopurinol-induced DRESS, similar to the study in
Han Chinese and Japanese populations>®. Based on the strong association of the presence of
HLA-B*58:01 and DRESS and SJS/TEN, it is presumed that the attributable risk of SCARs
due to the existence of this allele is larger - as high as 8% in Thailand, indicating that HLA-
B*58:01 is associated with the pathogenesis of allopurinol-induced SCARs regardless of the
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phenotype or severity. This is in contrast to carbamazepine-induced SCARs, with which HLA-
B*15:02 only shows association with specific phenotype (SIS/TEN)!!-13,

In summary, a strong association between allopurinol-induced SCARs and the HLA-
B*58:01 allele was confirmed. Incidence of the HLA-B*58:01 allele is strongly associated with
individuals who are at risk for allopurinol-induced DRESS, SJS and SJS/ TEN in the Thai
population. Our results suggest that the screening tests for the HLA-B*58:01 allele in patients
who will be treated with allopurinol would be clinically helpful in reducing the risk of
developing SCARs. Regarding to our findings, the pharmacogenetic interpretation could be
generalized to SCARs, including DRESS, SJS and SJS/TEN. Physicians and national policy
makers should consider genetic screening for the HLA-B*58:01 alleles prior to initiation of
allopurinol therapy in Thai patients.
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Table 1 Summary of characteristics and genotyping data of allopurinol induced SCAR patients

No. Age/Sex  Phenotype Duration of Dosage of allopurinol Indication HLA-B*5801 HLA-B genotyping
exposure (day) (mg/day)

1 56/M DRESS 34 200 Hyperuricemia positive 4402/5801
2 72/F SIS 26 300 gouty arthritis positive 5701/5801
3 78/F SIS 11 100 Hyperuricemia positive 3501/5801
4 68/F SJS 14 300 gouty arthritis positive 4601/5801
5 38/F SIS 10 200 gouty arthritis positive 1301/5801
6 68/M SJS 17 300 gouty arthritis positive 1301/5801
7 49/M SIS 19 300 gouty arthritis positive 4001/5801
8 66/M SJS/TEN 28 300 gouty arthritis positive 4403/5801
9 74/F SJS/TEN 10 100 gouty arthritis positive 1502/5801
10 28/M DRESS 18 200 Hyperuricemia positive 3915/5801
11 37/F DRESS 10 200 Hyperuricemia positive 0801/5801
12 81/F DRESS 12 300 Hyperuricemia positive 1301/5801
13 76/F SIS 7 300 gouty arthritis positive 5801/5801
14 76/M SIS 14 300 Hyperuricemia positive 4001/5801
15 72/M DRESS 30 100 gouty arthritis positive 5201/5801
16 76/F SJS/TEN 10 100 gouty arthritis positive 1513/5801
17 61/M DRESS 42 200 gouty arthritis positive 5101/5801
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Table 2 The association of individual HLA-B allele with allopurinol induced SCAR

) SCAR cases versus Allopurinol SCAR cases versus general
HLAB Allopurinol Allopurinol General tolerant control population
induced SCAR population
allele tolerant (n=95)
(n=17) (n=1095) OR (95% CT) P value OR (95% CT) P value
5801 17 (100.0) 3(3.2) 111 (10.1) 925.00 (45.73-18709.02)  <0.01 309.04 <0.01
(18.46-5174.25)

1301 3(17.6) 10 (10.5) 137 (12.5) 1.82 (0.44-7.45) 0.404 1.50 (0.43-5.28) 0.529
1502 1(5.9) 17 (17.9) 161 (14.7) 0.29 (0.04-2.31) 0.241 0.36 (0.05-2.75) 0.327
4001 2 (11.8) 27 (28.4) 162 (14.8) 0.34 (0.07-1.57) 0.165 0.77 (0.17-3.39) 0.727
4601 1(5.9) 20 (21.1) 227 (20.7) 0.23 (0.03-1.88) 0.171 0.24 (0.03-1.81) 0.166
5101 1(5.9) 12 (12.6) 65 (5.9) 0.43 (0.05-3.56) 0.436 1.02 (0.13-7.83) 0.983
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Table 3 The association of individual HLA-B allele with allopurinol induced SJIS/TEN

SJS/TEN cases versus Allopurinol SJS/TEN cases versus general

All inol . G 1
HLA-B , opurino Allopurinol enera tolerant control population
induced B population
allele B tolerant (n=95) -
SIS/TEN (n=11) (n=1095) OR (95% CI) P value OR (95% CI) P value
5801 11 (100.0) 3(33.2) 111 (10.1) 607.86(29.49-12530.13) <0.01 203.08 <0.01
(11.89-3469.77)

1301 2 (18.2) 10 (10.5) 137 (12.5) 1.89 (0.36-10.00) 0.454 1.55(0.33-7.27) 0.575
1502 19.1) 17 (17.9) 161 (14.7) 0.46 (0.06-3.83) 0.471 0.58 (0.07-4.56) 0.605
4001 2 (18.2) 27 (28.4) 162 (14.8) 0.56 (0.11-2.76) 0.476 1.28 (0.27-5.98) 0.754
4601 1(9.1) 20 (21.1) 227 (20.7) 0.38 (0.05-3.11) 0.363 0.38 (0.05-3.00) 0.361
5101 0 (0.0) 12 (12.6) 65 (5.9) 0.29 (0.01-5.24) 0.402 0.68 (0.04-11.74) 0.793

Table 4 The association of individual HLA-B alleles with allopurinol induced DRESS

DRESS versus Allopurinol tolerant

Allopurinol : General DRESS versus general population
HLA-B . ficed DRESS Allop urniol population control
allele a tolerant (n=95) o
(n=6) (n=1095) OR (95% CTI) P value OR (95% CT) P value
5801 6 (100.0) 3(3.2) 111 (10.1) 343.57(15.98-7387.26) <0.01 114.78 (6.42-2051.26)  <0.01
1301 1(16.7) 10 (10.5) 137 (12.5) 1.70 (0.18-16.05) 0.643 1.40 (0.16-12.06) 0.760
1502 0(0.0) 17 (17.9) 161 (14.7) 0.35 (0.02-6.42) 0.476 0.45 (0.03-7.94) 0.582
4001 0(0.0) 27 (28.4) 162 (14.8) 0.19 (0.01-3.52) 0.266 0.44 (0.02-7.88) 0.579
4601 0(9.1) 20 (21.1) 227 (20.7) 0.28 (0.02-5.24) 0.397 0.29 (0.02-5.23) 0.404
5101 1(16.7) 12 (12.6) 65 (5.9) 1.38 (0.15-12.87) 0.776 3.17 (0.36-27.53) 0.296
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Abstract

Diarrhea is an important health problem which is the second leading cause of deaths
among children in developing countries. The antimicrobial resistance surveillance in Lao PDR
was established in 2012. The aim of this study was to identify bacterial pathogens, the virulence
of pathogenic E. coli, and the antimicrobial susceptibility profile of enteric pathogen from
diarrhea patients in Lao PDR. Stool and rectal swab samples were collected from diarrheal
patients during January to December 2012. The cultivation, biochemical method, multiplex
PCR and antimicrobial susceptibility were performed. Results showed that 284 out of 708
specimens were infected with Aeromonas spp (1.7%), Plesiomonas shigelloides (1.7%),
Salmonella spp (4.9%), Shigella spp (1.4%), Vibrio spp. (0.4%), rotavirus (0.4%), pathogenic
Escherichia coli (17.8%), and mixed infection (11.5%). The prevalence of samples positive for
Aeromonas spp., Plesiomonas shigelloides, and Vibrio spp. were significantly higher in
patients aged > 5 years. The prevalence of samples with mixed infection was however
significantly higher in children aged <5 years (p =0.020). Most samples infected with
Aeromonas spp and Plesiomonas shigelloides were susceptible (resistance prevalence < 35%)
to amoxicillin-clavulanate, chloramphenicol, ciprofloxacin, ceftriaxone, gentamicin,
trimethoprim-sulfamethoxazole, and tetracycline. Samples infected with Vibrio spp. were
sensitive to amoxicillin-clavulanate, chloramphenicol, ciprofloxacin, ceftriaxone, gentamicin,
and tetracycline. Those infected with Salmonella spp. was resistant to ampicillin and
tetracycline (resistance prevalence = 80% and 67%, respectively). Most samples infected with
Shigella spp. were resistant to ampicillin (69%), chloramphenicol (64%), trimethoprim-
sulfamethoxazole (93%), and tetracycline (82%).

Keywords: Enteric bacteria, Antimicrobial, Lao PDR
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Introduction

Diarrheal disease is an important health problem which is the second leading cause of
deaths annually, especially children under five in developing countries (1, 2). Diarrhea is
caused by several microorganisms such as viruses, parasites, and bacteria. The pathogenic
bacteria associated with diarrhea include Shigella, Salmonella, Vibrio, and pathogenic
Escherichia coli. E. coli is the most commonly found pathogen of acute diarrhea in developing
countries. Although this microorganism is the normal flora of the human intestine, several
strains of E. coli are pathogenic to humans (3). The virulent strains of E. coli that cause
diarrheal diseases are enterotoxigenic E. coli (ETEC), enteroinvasive E. coli (EIEC),
enterohemorrhagic E. coli (EHEC), enteropathogenic E. coli (EPEC), and enteroaggregative
E. coli (EAEC) (3).

The antimicrobial resistance (AMR) is a worldwide public health concern. A number
of AMR cases have been reported in the Asia pacific region (4, 5), but with limited reports
from Lao PDR. AMR surveillance is recommended by the World Health Organization (WHO)
as an approach to control microbial infections. To cope with the AMR issue in Lao PDR, the
surveillance program of the causative microorganisms of diarrhea has been launched in 2012
by the National Center for Laboratory and Epidemiology. The information of surveillance
program is essential for planning and implementing disease control in Lao PDR. The aim of
this study was to identify bacterial pathogens that cause diarrhea, the virulence of pathogenic
E. coli, and the antimicrobial susceptibility profiles of enteric pathogens from diarrhea patients
in Lao PDR during 2012.

Materials and Methods

1. tudy areas and samples collection

A cross sectional study was conducted in Vientiane capital as indicator-based
surveillance (IBS) in eight hospitals/health centers: Mother and Child hospital (MC),
Sisattanak district hospital (SIS), Sikottabong district hospital (SKB), Hatsaifong district
hospital (HAT), Banhom health center (SH), Mahosot hospital (MHS), Settathilath hospital
(SET), and Mittapab hospital (MTB). Clinical samples were from all the diarrheal patients
attending the Emergency clinic, Internal department, Infectious ward and Pediatric ward of
these hospitals. The event-based surveillance (EBS) of the disease outbreak was conducted
during January to December 2012 throughout the country. The samples were collected
randomly from five diarrheal case clusters. Diarrhea was defined as the passage of three or
more liquid stools during a 24-hour period. Fresh stool, stool swab in Cary blair transport
medium, or rectal swab in Cary blair transport medium were collected. A total of 708 stool/
rectal swab samples were collected and transported to the microbiology laboratory of The
National Center for Laboratory and Epidemiology (NCLE) for cultivation of the causative
agents.

15-3" Feb 2016 Bangkok, Thailand 203



Conference Proceeding
The 13" Asia Pacific Federation of Pharmacologist (APFP) Meeting

2. Isolation and identification of enteric pathogen

Each clinical sample was suspended in 0.5 ml 0.85% normal saline solution to obtain
working sample. Then working sample was initially inoculated with MacConkey agar,
Salmonella-Shigella (SS-) agar, and Xylose lysine deoxycholate (XLD) agar, at 35°C for 18 to
48 hours for observing colonies of Salmonella, Shigella, Vibrio, Aeromonas and Plesiomonas,
respectively (Figure 1). To identify the colonies of Vibrio spp., the working sample was further
inoculated in alkaline peptone water (APW) and incubated at 35°C for 4-6 hours, and then
transferred to thiosulfate citrate bile salts sucrose (TCBS) agar and incubated at 35°C for 18-
48 hours. To identify the colonies of Salmonella, all working samples were inoculated
overnight in Selenite broth at 35°C and transferred to SS-agar and XLD agar incubated at 35°C
for an additional 18-48 hours and Modification Semisolid Rappaport-Vassiliadis (MSRV)
medium incubate at 42°C for overnight. To identify Campylobacter spp, inoculated working
sample in Preston broth with 5%]lysed horse blood to enrich the organism for overnight at 35°C
then transfer onto cellulose acetate membrane on Charcoal ceforazone deoxycholate agar
(CCDA) or Blood agar, incubate plate at 42°C microaerophilic condition for 48-72 hours.
Observing the suspected organisms on culture media, identified by colony morphology, gram-
stain, and traditional biochemical tests. Confirmation using commercial reagent- API
identification kit (Biomerieux, France) was required for gram-negative glucose fermentation-
oxidase positive. If biochemical test show Shigella- or Salmonella-likes, serological
confirmation were further tested.

Suspensionin _|
0.85%NSS

Selenite broth, Preston broth,
over night over night

CCDA or BA,
= 55 agar 42°C

microaerophilic
condition

Mac Conkey agar 55 agar XLD agar APW, 4-6 hrs ‘

— XLD agar

= MSRV, 42°C

Figure 1 Diagram of bacterial culture process from stool/rectal swab

3. Identification of the virulence of pathogenic E. coli

Polymerase chain reaction (PCR) was used for identification of the virulence of E. coli.
A loop-full of E. coli-like colonies from inoculated MC agar were swept and suspended into
the extraction buffer (Tris-EDTA buffer) and DNA was extracted by boiling method. The
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following target genes were used to differentiate pathogenic E. coli: eae and bfp (EPEC), eae,
stxI] and stx2 (EHEC), st and It (ETEC), and ipaH (EIEC). All primers sequences (Table 1) and
PCR conditions were developed and/or modified by the Department of Bacteriology I, The
National Institute of Infectious Diseases (NIID) Japan. The multiplex PCR conditions were as
follows: 96°C for 2 min, 30 cycles of 96°C for 20 sec, 55°C for 20 sec, 72°C for 1 min, and
72°C for 1 min.

Table 1 Primer sequences for identification of pathogenic E. coli.

Target gene  Primer name Sequence 5°-3’

eae cacA-newF  AACGGCTATTTCCGCATGAG
eae-newR CACATAAGCMGGCAAAATAGCCTG

b bfpB-F GACACCTCATTGCTGAAGTCG
bfpB-newR ~ GCCCAGAACACCTCCGTTAT

stxl mMK -1 GAATTTACCTTAGACTTCTCGAC
mMK -2 TGTCACATATAAATTATTTCGTTCA

stx2 mMK2-1 GAGTTTACGATAGACCTTTCGAC
mMK2-2 GGCCACATATAAATTATTTTGCTC

st STla-s GCAATTTTTATTTCTGTATTATCTT
Stla-as GGATTACAACAAAGTTCACAG
ST1b-s TTTATTTTTCTTTCTGTATTGTCTT
Stlb-as GGATTACAACACAATTCACAG

It It-Fv CTATTACAGAACTATGTTCGGAATATC
1t-Rv GGGGGTTTTATTATTCCATACAC

ipaH ipaH-F, GTTCCTTGACCGCCTTTCCGATACCGTC
ipaH-Rv GCCGGTCAGCCACCCTCTGAGRGTAC

4. Antimicrobial susceptibility testing

Antimicrobial susceptibility test was performed on Mueller-Hinton agar (Becton
Dickinson, USA) using disc diffusion technique. The antimicrobials under investigation
included: ampicillin (10 pg), amoxicillin-clavulanate (20/10 pg), tetracycline (30 pg),
gentamycin (10 pg), chloramphenicol (30 pg), ciprofloxacin (5 pg), trimethoprim-
sulfamethoxazole (1.25/23.75 ng), and ceftriaxone (30 pg) (Oxoid, UK). The colonies 18- to
24-hours from non-selective media were selected and the working bacteria suspension was
prepared in 0.85% sterile normal saline solution (0.85% NSS). Turbidity of the broth culture
was equilibrated to match 0.5 McFarland standard. The surface of Mueller-Hinton agar plate
was evenly inoculated with the culture using a sterile cotton swab. The antibiotic discs were
applied to the surface of the inoculated agar. After 18—-24 hours of incubation, the diameters of
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growth inhibition around the discs were measured and interpreted as sensitive, intermediate, or
resistant (6). The reference strain E. coli ATCC 25922 was used for quality control.

5. Data analysis

Statistical analysis was performed using SPSS version 12. Qualitative data are
presented as number and percentage values. Comparison of the frequencies of microorganisms
among all age groups was performed using Pearson’s chi-square or Fisher exact test. Statistical
significance was set at oo = 0.05.

Results

1. Identification of enteric pathogens

Of the 708 stool and rectal swab specimens collected in 2012, 554 were from acute
watery diarrhea (AWD) surveillance program in Vientiane capital, 132 from diarrhea and/or
food poisoning outbreak investigation, and 22 from public and private health facilities. Four
hundred and sixty-seven samples were collected from patients aged less than 5 years. Two-
hundred and eighty four samples were infected with Aeromonas spp. (1.7%), Plesiomonas
shigelloides (1.7%), Salmonella spp. (4.9%), Shigella spp. (1.4%), Vibrio spp. (0.4%),
pathogenic E. coli (17.9%), and mixed infection (11.6%) (Table 2). The prevalence of samples
infected with Aeromonas spp., Plesiomonas shigelloides, Shigella spp. and Vibrio spp. were
significantly higher in patients aged > 5 years (p = 0.007, < 0.0001, 0.042 and 0.009,
respectively). In contrast, the prevalence of mixed infection with at least one enteric pathogen
was significantly lower in children aged <5 years (p = 0.013) (Table 3).

Table 2 Identification of pathogenic microorganisms in the clinical samples. Data are presented as
number (n) and percentage (%) values.

Bacterial identification Number (n) Percentage (%)
Aeromonas spp. 12 1.7
Plesiomonas shigelloides 12 1.7
Salmonella spp. 35 4.9
Shigella spp. 10 1.4
Vibrio spp. 3 0.4
Escherichia coli (E. coli) 127 17.9
- Enterohemorrhagic E. coli (EHEC) 20 2.8
- Enteroinvasive E. coli (EIEC) 26 3.7
- Enteropathogenic E. coli (EPEC) 58 8.2
- Enterotoxigenic E. coli - heat labile toxin (ETEC.LT) 9 1.3
- Enterotoxigenic E. coli - heat stable toxin (ETEC.ST) 14 2.0
Mixed infection with > 1 spp. 82 11.6
Negative 427 60.3
Total 708 100.0
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2. Antimicrobial susceptibility

Antimicrobial susceptibility testing for the five microorganisms was successfully
performed in 116 samples. Most samples infected with Aeromonas spp. and Plesiomonas
shigelloides were susceptible to amoxicillin-clavulanate, chloramphenicol, ciprofloxacin,
ceftriaxone, gentamicin, trimethoprim-sulfamethoxazole, and tetracycline; resistant isolates
were found at the prevalence of 0-35%. Those infected with Vibrio spp. was sensitive to
amoxicillin-clavulanate, chloramphenicol, ciprofloxacin, ceftriaxone, gentamicin, and
tetracycline. Samples infected with Salmonella spp. were resistant to ampicillin and
tetracycline (resistant rate = 80% and 67%, respectively). Most of the samples infected with
Shigella spp. were resistant to ampicillin (69%), chloramphenicol (64%), trimethoprim-
sulfamethoxazole (93%), and tetracycline (82%) (Figure 2).

Table 3 The enteric pathogens identified in clinical samples classified according to age groups. Data
are presented as numbers (n).

Bacterial identification Number of samples (n) p-value
<Syears >S5 years
Aeromonas spp. 4 8 0.007*
Plesiomonas shigelloides 1 11 <0.0001*
Salmonella spp. 26 9 0.596
Shigella spp. 4 6 0.042%*
Vibrio spp. 0 3 0.009*
Escherichia coli (E. coli) 85 42 0.507
- Enterohemorrhagic E. coli (EHEC) 10 10 0.058
- Enteroinvasive E. coli (EIEC) 16 10 0.361
- Enteropathogenic E. coli (EPEC) 41 17 0.917
- Enterotoxigenic E. coli - heat labile toxin (ETEC.LT) 8 1 0.220
- Enterotoxigenic E. coli - heat stable toxin (ETEC.ST) 10 4 0.910
Mixed infection with > 1 spp. 46 36 0.013*
Total 166 115
Discussion

The prevalence of death from diarrhea in children under 5 years reported In Lao PDR
in 2004 was 16.9% (7). The outbreaks of diarrhea were reported in 1993 and 1994, and during
the period 2000-2002. In 2007, the outbreak of diarrhea was investigated and more than 50%
of V. cholerae was found to be the cause of diarrhea (8). Nevertheless, antimicrobial
susceptibility of the pathogenic microorganisms was not investigated during these outbreaks.
The susceptibility testing for E. coli was not accomplished due to technical problem at the step
of bacterial purification.

Specimen were classified into 2 groups as age less than or equal five years old and
greater than five years old as children < 5 are age of pre-school which have lower immunity
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and had several report of infectious diseases. Results of the present study show that only 40%
of patients infected with bacterial pathogens and the major cause of diarrhea was E. coli
(17.9%) with comparable prevalence in both age groups (< 5 and > 5 years). Some samples
with negative bacterial infection were found to be infected with protozoas, helminthes, or
viruses.

The previous study in Vientiane, Lao PDR during 1996-1997, showed the major cause
of diarrhea were E. coli (35.8%) and Shigella spp. (16.8%) infections (9). The highest number
of E. coli infection was also found in the present study but the Shigella spp. infection was only
found 1.4%. The prevalence of enteropathogenic E. coli was similar to that reported previously,
except the enterotoxigenic E. coli - heat stable toxin (ETEC.ST) (2.0 % vs. 17.2%) (9). It was
noted however that the present study was conducted 15 years back and the prevalence and
patterns of infected micro-organisms may be changed.

A trend of antimicrobial resistance in Salmonella spp. and Shigella spp. was observed
in the study samples. Samples infected with Shigella spp. were resistant (multidrug resistant)
to ampicillin, chloramphenicol, trimethoprim-sulfamethoxazole, and tetracycline. High level
of resistance in samples infected with Shigella spp. has been observed in several countries (10-
13). In this study, resistance to ciprofloxacin was not found and resistance to ceftriaxone and
nalidixic acid was found at the prevalence of 20% and 35%, respectively. Continuous
monitoring of antimicrobial resistance in Lao PDR and control use of antimicrobial drugs is
required because there are still no policy or measurement to controlled the antibacterial use
including imported of food animal and seafood from neighboring country.

Conclusion

The enteric pathogen is an important cause of diarrhea worldwide including Lao PDR.
Our results show that most (40%) diarrhea in Lao PDR is caused by the bacterial pathogens E.
coli, Aeromonas spp., Plesiomonas shigelloides, Salmonella spp., Shigella spp., and Vibrio spp.
Those infected with Shigella spp. were multidrug resistant to several antimicrobial drugs.
Continuous monitoring of antimicrobial resistance in Lao PDR and control use of antimicrobial
drugs is required.
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Figure 2 Antimicrobial susceptibility of the clinical samples infected with Aeromonas spp.,
Plesiomonas shigelloides, Salmonella spp., Shigella spp., and Vibrio spp.

AMC: Amoxicillin-clavulanate, AM: Ampicillin, C: Chloramphenicol,

CIP: Ciprofloxacin, CRO: Ceftriaxone, NA: Nalidixic acid, GM: Gentamicin,
SXT: Trimethoprim-sulfamethoxazole, TE: Tetracycline

R: Resistant, I: Intermediate, S: Susceptible
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Abstract

Hyperpigmentation, including postinflammatory hyperpigmentation, melasma, and
lentigines, is a common problem in cosmetic dermatology. Its treatment remains challenging
because the results of topical treatment, chemical peeling, or even laser treatment are
unpredictable, and relapse is frequent. Topical treatments mostly include depigmenting agents
such as hydroquinone, azelaic acid, and retinoids. The most effective topical treatment is
hydroquinone; however, it causes many adverse effects, such as irritation and permanent
ochronosis. Using other modalities rather than hydroquinone may help to avoid these adverse
effects. Therefore, we gathered data from articles published on hyperpigmentation treatments
and conducted a systematic review. We found that various treatment methods including topical
and laser treatment are as effective as the gold standard, with fewer adverse effects.

Keywords: Hyperpigmentation, botanical extracts, treatment of hyperpigmentation,
depigmenting agents.

Introduction

A common complaint at Asian dermatology clinics is hyperpigmentation, including
melasma and postinflammatory hyperpigmentation. In the past, hydroquinone or triple
combination cream (TCC) (hydroquinone + retinoic acid + corticosteroid) was the gold
standard treatment for hyperpigmented lesions. Currently, many depigmenting agents have
been launched to replace hydroquinone because of its adverse effects. Although some
depigmenting agents are not as effective as hydroquinone, they do not cause irritation,
erythema, or ochronosis. It is required to find a new treatment modality that is better than
hydroquinone and/or has fewer adverse effects.
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Methods

This article reviews the brief pathogenesis of melanogenesis, and focuses on the
treatment of hyperpigmentation. This review was based on a literature search of the PubMed
database, using the terms “hyperpigmentation,” “melanogenesis,” “melanin,” “depigmenting
agents,” and “skin lightening.” Other sources of data included dermatological textbooks.

2 ¢

We searched the PubMed database by using the medical subject headings (MeSH) term,
“Melasma”. Our search yielded 8,404 results. Only clinical trials and full text articles were
included, and 203 publications were identified. Furthermore, we limited our study to studies
that occurred between January 2011 and December 2015 (five years). Seventy-five
publications appeared during our search. The reviewers screened the abstracts of these
publications.

Sixty-nine publications were removed from this study because they were not
concerning melasma, did not evaluate the outcomes using the Melasma Area and Severity
Index (MASI) score, and the standard treatment (hydroquinone or TCC) was not used in the
control groups. Finally, six publications were eligible for our systematic review.

The outcome of interest for this study was the MASI score used to measure the
improvement in melasma lesions after treatment. The results reflect the other treatment
modalities for hyperpigmentation. We needed to collect data on melasma studies alone because
the standard evaluation of melasma is similar.

Melanogenesis

Melanogenesis is a complex process of producing melanin pigment. It occurs in
melanosomes, which are specialized intracellular vesicles present in melanocytes.! 2
Melanosomes are transferred to keratinocytes through the dendrites of melanocytes, where they
protect the nuclei of keratinocytes from ultraviolet (UV) radiation.! Melanocytes may be
stimulated by direct exogenous factors such as UV radiation or by indirect factors such as
cytokines and growth factors of keratinocytes, fibroblasts, or other cells.® Keratinocytes
produce paracrine and/or autocrine signals known as keratinocyte-derived factors, such as
alpha-melanocyte stimulating hormone (a-MSH), adrenocorticotropic hormone (ACTH),
basic fibroblast growth factor (bFGF), steel factor. These growth factors influence the
proliferation and differentiation of melanocytes.*

Melanosomes contain a number of melanin-producing enzymes such as tyrosinase,
tyrosinase-related protein 1 (TRP-1), tyrosinase-related protein 2 (TRP-2), and dopachrome
tautomerase (Dct).> ® Tyrosinase is one of the most important enzymes in melanogenesis.> ’ It
controls two rate-limiting steps in melanogenesis.>’ Many depigmenting agents target
tyrosinase, aiming to inhibit melanin production. Tyrosinase is a copper-dependent enzyme. '’
It converts tyrosine (substrate) to L-3,4-dihydroxyphenylalanine (L-DOPA) and then oxidizes
L-DOPA to dopaquinone.® ! Microphthalmia-associated transcriptional factor (MITF) is a key
regulator of tyrosinase, TRP-1 and TRP-2 gene transcription in melanocytes.>'?> MITF plays a
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crucial role in binding to tyrosinase promoter and in turning on the melanin production
process.”> It regulates melanogenic enzymes and proliferation and differentiation of
melanocytes, and is induced by Cyclic-AMP (cAMP).!* c-AMP is a secondary messenger that
regulates protein kinase A (PKA)."> It affects cAMP-dependent PKA as well as cAMP-
responsive element binding protein (CREB).%!*

Table 1: The mechanisms and efficacy of natural products for the management of hyperpigmentation

Natural Mechanisms Efficacy
products
Arbutin Competitive tyrosinase inhibitor Topical deoxyarbutin application for 12
weeks resulted in a significant reduction in
Inhibits melanosome maturation overall skin lightness in human clinical trial
16
Suppressed pigmentation by 43.5% in a
clinical study in humans !’
Aloesin Dose-dependent competitive Suppressed pigmentation by 34% in a
tyrosinase inhibitor clinical study '’
Ellagic acid | Tyrosinase inhibition via copper Suppressed pigmentation more than kojic
chelation acid or arbutin at the same dose in B16/F0
mouse melanoma cells !*
Emblica Antioxidant In facial dyschromia, products containing
extract Inhibits melanogenesis kojic acid, Emblica extract, and glycolic acid
showed similar effectiveness to 4% HQ '°
Flavonoids Antioxidant Garcinia gardneriana and kojic acid
Inhibits melanocyte proliferation | inhibited melanogenesis by 35.2% and 87%,
Tyrosinase inhibitor respectively 2
Hesperitin Suppresses ultraviolet-induced Hesperetin bound more tightly to tyrosinase
oxidative damage than kojic acid !

Competitive and reversible
tyrosinase inhibitor

Niacinamide | Antioxidant In an in vitro study, inhibited melanosome
Anti-inflammatory transfer by 35%—68% %
Inhibits melanosome transfer

Licorice Antioxidant In a clinical trial, topical liquiritin was
Anti-inflammatory therapeutically effective in melasma, with
Tyrosinase inhibitor complete disappearance in 18 (90%) out of

20 subjects at week four 2

Mulberry Antioxidant Concentration of mulberroside F required to

Tyrosinase inhibitor suppress mammalian tyrosinase activity by

50% was higher than kojic acid *

Many studies have investigated novel depigmenting agents, but the results have not
been compared in a systematic review. (Table 1) Finally, we collected only publications on
melasma (as described in the methods), as these studies have similarly evaluated methods
(MASI score) (Figure 1, Table 2).
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Table 2: Results of the studies

N N MASI before treatment MASI after treatment Treatment
Study Case E/C Control E/C durati
(EC) (E/C) Case Control Case Control uration
Farshi® 20% Azelaic acid 15/14 | 4% Hydroquinone 15/15 7.6 +3.5 72+32 3.8+2.8 6.2+3.6 2 months
Nonablative
Kroon® 1550-nm 1o/1o | Triple combination | o0 g5 36 | 98 465 | 66438 69+59 | 8weeks
fractional laser Cream
Therapy
N B .
Passeron? | ulse dye laser 1g/17 | Triple combination |y, 0 (o0 300 | 6764325 | 2794270 | 4254276 | 4 months
TCC cream
Yousefi® 10% Zinc sulfate 40/38 | 4% Hydroquinone 42/42 63+2.1 6.4+1.6 51+2 39+1.4 2 months
3% Rumex
Diff = 0.6 Diff=0.55
M 2 identali 15/1 4% H i 15/1 k
endoza occidentalis 5/15 % Hydroquinone 5/15 SD=0.86 SD=0.62 8 weeks
cream
B i Tripl inati
Ghorber | Copper Bromide | Triple combination | ;| 5 66 511 | 7204411 | 7814458 | 6584330 | 6months
laser + TCC cream
- Study %
ID SMD (95% Cl)  Weight
Susan Farshi (2011) —_— -0.60 (-1.35, 0.14) 15.80
Thierry Passeron (2011) — e b— -0.24 (-0.92, 0.43) 17.09
Marije W. Kroon (2011) ' g 1.36 (0.38,2.35) 12.09
AlirezaYousefi (2013) 'i—.— 0.51(0.07,0.96) 21.56
Clarisse G. Mendoza (2014) —O-E— -0.02 (-0.73, 0.70) 16.34

HoudaHammamiGhorbel (2015)

Overall (I-squared = 63.6%, p = 0.017)

NOTE: Weights are from random effects analysis

0.14 (-0.53,0.81) 17.12
0.16 (-0.30, 0.62)

100.00

-2.35

-1

Figure 1: Forest plot of the difference in MASI score between baseline and after melasma treatment.
Standardized mean difference (SMD),

Heterogeneity chi-squared = 13.73 (d.f. =5) p=0.017,

I-squared (variation in SMD attributable to heterogeneity) = 63.6%,

Estimate of between-study variance Tau-squared = 0.2032,
Test of SMD =0: z=0.69 p = 0.493
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Table 3: Characteristics of Patients in Included Trials

Type of melasma
+
Study Year Age Mean £ SD Fitzpatrick skin type WaS}.l out
(Range) Years Epidermal Dermal Mixed period
Farshi® 2011 34.6+6.6 Inc':lusmn criteria = - Not mentioned 2 months
epidermal melasma
Type 11 =5/20 pts.
Case=35.3 Case = 6/10 pts. Case = 3/10 pts. Case = 1/10 pts. Type LI = 8/20 pts.
26
Kroon 201 Control = 42 Control =7/10 pts. | Control = 1/10 pts. | Control =2/10 pts. | Type IV = 5/20 pts. 4 weeks
Type V = 2/20 pts.
Type 11 =4/18 pts. Not
Passeron®’ | 2011 41 (33-56) Not mentioned Type I11 = 8/18 pts. mentioned
Type IV = 6/18 pts.
Case=33.1+9.1 |[Case=060% Case =40%
28 — .
Yousefi™ | 2013 | 0 ol = 35.2 + 8.1 | Control = 64.2% Control = 35.7% Not mentioned 3 months
Filipino patients
Case = 86.7% Case =13.3%
29 n _ . .
Mendoza 2014 | 29.04 + 7.8 (18-50) Control = 73 3% Control = 26.7% Not mentioned skin 2 months
type.
Type 11 = 3/20 pts. Not
Ghorbel®® | 2015 | 38.4+6.2 (30-53) Not mentioned Type 111 = 10/20 pts. .
mentioned
Type IV = 7/20 pts.
Results

We identified 75 publications in the PubMed database. Sixty-nine publications were
excluded because of methodology, leaving six trials that were eligible for review and inclusion
in the analysis.

Trial results are described in Table 2. All six trials compared MASI score in patients
with melasma between standard treatment (hydroquinone or TCC), as a control group, and
other treatment modalities such as topical therapies or laser.

The mean age of the patients in these trials ranged between 29.04 and 56 years. The
patients had all types of melasma (epidermal, dermal, or mixed melasma). Patients with
Fitzpatrick skin type II to V were enrolled in these studies. The patients had discontinued the
use of any depigmenting agents between 4 weeks and 3 months before they were enrolled in
the studies, but two of six publications did not mention the wash out period.

The forest plot in Figure 1 showed that the case and control group were different overall,
with an SMD of 0.16. (95% confidence interval =-0.30 to 0.62) It demonstrated that the control
group was better than the case group.

All six clinical trials included melasma treatment studies (Table 2). There was evidence
of heterogeneity among these trials (I> = 63.6%, chi-squared = 13.73, p = 0.017). The
heterogeneity may be due to the study design. The variety of patients, type of melasma, wash
out period, duration of the study, and skin types of patients could all be the cause of
heterogeneity. (Table 3)
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Discussion

In this updated systematic review, we have summarized the current clinical outcomes
of melasma treatment for the treatment of hyperpigmentation.

It might be evident that topical therapies or laser treatment for hyperpigmentation are
as effective as the gold standard treatment, hydroquinone or TCC (hydroquinone 4% + tretinoin
0.05% + triamcinolone acetonide 0.1% cream). Although this result was not statistically
significant, it could be applied to clinical use. Using other treatment modalities can prevent the
adverse effects of hydroquinone, including irritation, erythema, or ochronosis.

Conclusion

The outcomes of melasma treatment were better in both case and control groups in our
meta-analysis. However, we did not find that the case group was significantly better than the
control group (p > 0.05). In this study, the duration of treatment, topical regimens, or even
characteristics of patients were different, so further study should be done by randomized block
design to get a precise result. Further studies must use similar treatment modalities in similar
populations, with the same treatment duration.

In our study, we only chose publications in which hyperpigmentation treatment was
compared with the gold standard treatment (hydroquinone or TCC). As a result, all treatment
modalities in the case group can be applied in practice to prevent the adverse effects of standard
treatment.
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Abstract

Botulinum toxin has recently emerged as a promising alternative for hyperhidrosis
treatment. We conducted a systematic review to investigate the feasibility of botulinum toxin
injections for the treatment of primary focal hyperhidrosis. Seven databases were searched for
all literature published the previous ten years. Five studies were found that met our inclusion
and exclusion criteria. Statistical analysis revealed that the standardized mean differences of
the dermatology life quality index scores declined by an average of 1.65 units after treatment
began (p <0.05). Our results suggest that botulinum toxin (BoNT) is effective for primary focal
hyperhidrosis, and may improve patients’ dermatological quality of life.

Keywords: botulinum toxin, botulinum toxin type-A, hyperhidrosis, dermatology quality of
life

Introduction

Primary hyperhidrosis is an idiopathic disorder that causes excessive sweating,
typically in the axillae, palms, soles, and face. Several therapeutic strategies, including topical
aluminum salts, tap-water iontophoresis, and oral anticholinergics, have yielded satisfactory
results. However, their effects are usually temporary and often result in adverse effects and
complications. Botulinum toxin (BoNT) has recently emerged as a promising alternative for
hyperhidrosis treatment. It is a potent neurotoxin derived from the bacterium Clostridium
botulinum. While there are seven distinct serotypes of BoNT (A, B, C1, D, E, F, and G), only
BoNT types A and B are commercially available. Botulinum toxins block cholinergic stimulus
of eccrine sweat glands by inhibiting the presynaptic release of acetylcholine while also binding
to acetylcholine receptors at the postsynaptic membrane. Because focal HH likely results from
neurogenic hyperactivity as opposed to structural abnormalities in the eccrine glands, BONT
may be the ideal treatment for focal HH*. We aimed to perform a systematic review of recent
literature to explore the effectiveness of BoNT against hyperhidrosis with regards to
improvement in dermatological quality of life.
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Materials and Methods

Literature review

We used PubMed, Medline, EBSCO, Ovid, Embase, PROQUEST and Cochrane
databases to search literature from 2005 to 2016. The search encompassed literature ahead of
print and non-English articles. The following terms were used in various combinations: HH
OR botulinum toxin OR botulinum toxin for HH OR HH treatment OR sweating OR therapy
OR treatment OR axillary OR palmar OR plantar OR facial OR botulinum neurotoxin OR oral
OR topical and surgical.

Study selection

We included data from several types of cohort studies that quantitatively assessed
botulinum toxin for HH treatment except in the following cases: BoNT was noted as an
exclusion criterion; the study subjects were not humans; the study was not published in a full
text journal; the condition was not primary HH; gravimetric assessment was not performed,
studies that did not contain DLQI scores. We also expanded medical subject headings (MeSH)
search terms to include “botulinum toxins for therapeutic use.”

Statistical analysis

For continuous outcomes, the mean differences between Dermatology Life Quality
Index (DLQI) scores before and after treatment were summarized using standardized mean
differences (SMDs). The presence of heterogeneity between the studies was assessed using the
Cochran Q (heterogeneity chi-squared) test and I? test. The random effects model was applied
for all pooling. A p-value < 0.05 was considered statistically significant except when the
heterogeneity test was used, in which case p < 0.10 was considered significant. All data were
analyzed with STATA version 13.0 (StataCorp LP, College Station, TX).

Results

Although results from several studies varied, our statistical analysis revealed that BoNT
is effective and can significantly reduce sweating and increase patients’ DLQI scores (Table
1). In fact, when we summarized the mean DLQI scores before and after treatment (Table 2)
as SMDs, a significant difference before and after treatment with BoNT types A and B emerged
(p < 0.05), with the SMDs of the DLQI scores declining by an average of 1.65 units from
baseline (95% CI: 1.42—1.87). However, the heterogeneity chi-squared test result was 536.13
(p < 0.001), and I? (variation in SMD attributable to heterogeneity) = 99.3%, indicating that
the 5 studies significantly differed (Figure 1).

To illustrate, figure 2 compares the SMDs of the DLQI change from baseline with the
study durations. Kouris et al.” recorded the highest SMD of 17, but their study duration was 12
weeks. On the other hand, Rosell et al.” had a SMD of 10.3 with study duration of 3 weeks.
The duration of the remaining studies was also 4 weeks. Therefore, we conclude that the
amount of time required for BoNT to improve quality of life varies depending on the HH site.
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Table 1. These studies found that the botulinum toxin for HH treatment significantly increases quality

of life.

Author N Agent Type of HH Result
Karlqvist 38 Botulinum toxin B | Craniofacial HH | DLQI scores
2013 (6) significantly

improved at 2,4
weeks
Kouris 119 Botulinum toxin A | Axillary HH DLQI scores
2014 (7) (OnaA) significantly
lower than the
baseline values
Palmar HH (p <0.0001)
Plantar HH
Marcella 30 Botulinum toxin A | Axillary HH DLQI scores
2011 (8) significantly
improved (p <
0.001)
Rosell 84 Botulinum toxin A | Axillary HH DLQI scores
2013 (9) and B significantly
improved:
palmar HH
100%, axillary
HH 95%
Palmar HH (p <0.05)
Weber 70 Botulinum toxin A | Axillary HH DLQI scores
2005 (10) Palmar HH worsened with
Plantar HH mean £ SD skin
index score of
243+ 5.7 at
baseline

DLQI: Dermatology Life Quality Index

Table 2. Dermatology Life Quality Index scores before and after botulinum toxin treatment as SMDs.

Study Name Years N Before After SMD  Duration
Mean SD. Mean SD. (weeks)

1 Karlqvist 2013 38 13 1 5 1 8 4

2 Kouris 2014 119 20 1 3 1 17 12

3 Marcella 2011 30 453 19.6 38.5 224 0.32 4

4 Rosell 2013 84 12 5.5 1.7 2.6 2.39 3

5 Weber 2004 70 243 5.7 17.6 155  0.57 4
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Studly SMD (95% Cl) % Weight
]
)
Karlqist (2013) P e 8.00(6.63,9.37) 270
]
Kouris (2014) ; - 17.00(15.45, 18.55) 2.08
Marcella (2011) * 0.32(-0.19,0.83)  19.37
RosellK (2013) 3 2.39(2.00,2.79)  31.87
Weber (2004) 3 057 (0.24, 091)  43.98
Overall (I-squared = 99.3%, p = 0.000) | ' 1.65 (1.42, 1.87) 100.00
[
| 1 ° 1 1T | |
186 12 -8 -4 0 4 8 12 186

Figure 1: Pooling of the standardized mean differences between before and after botulinum toxin
treatment. SMD: standardized mean difference. Heterogeneity chi-squared = 536.13 (d.f. =
4),p <0.001. > = 99.3%. Test of SMD =0, z = 14.40, p < 0.001.
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Figure 2: Decrease in Dermatology Life Quality Index (DLQI) scores from baseline and study duration.

Discussion

Axillary hyperhidrosis

Over the past 10 years, more than 20 studies have been conducted on the use of
botulinum toxin for axillary HH therapy has been studied more than ten years, and that over

twenty researches discussed about it. From these studies, it was found that the duration of action
for the axillae HH ranged from 4 to 10 months. Studies comparing botulinum toxin type A
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(BoNT-A) products— between OonabotulinumtoxinA (OnaA) and AabobotulinumtoxinA
(AboA) —reported showed that OnaA has a faster onset of action, as (1 week for OnaA requires
only one week, whileand 2 weeks for AboA) takes two weeks. '®. Repeated However, repeated
botulinum toxin type A (BoNT-A) injections results in a similar durations of effectiveness (4—
10 months) between the two products of treatment, and neither product causes therapeutic the
resistance towards botulinum toxin did not emerge during repeated treatment. In general,
patients are claimed that they are satisfied with the results of botulinum toxin type BoNT-A
injections, with more than 98% willing to recommend the therapy to persons with similar
axillary HH indications'!"13. Studies have found that the quality of life (as measured by DLQI
scores) improves significantly after botulinum toxin injection for axillary HH treatments at 3
weeks. ?

There are no standardized BoNT-A dilutions for axillary HH treatment?’, but studies
have shown that BONT-A mixed in either saline or lidocaine is equally effective®?. The
suggested technique for axillary injection is to always perform a Minor iodine-starch test before
botulinum toxin injection'3. In addition, the injection should be placed subcutaneously, as it is
less painful than intradermal

| ae—

Figure 3. Botulinum toxin injection pattern for axillary hyperhidrosis

Researchers have suggested using 50—100 units of OnaA divided by 10—20 intradermal
injections per axilla!?. Patients with severe axillary HH may require injections every 6 months
to control sweating®*>!. Adverse effects such as pain following an injection are usually minor,
and precooling has been shown effective in relieving that pain.

Palmar hyperhidrosis

Numerous studies have demonstrated the beneficial effects of BONT-A in the treatment
of palmar HH. Most of these studies calculated the efficacy at around 80-90%, but the duration
of action (approximately 6 months, as measured by the anhidrosis) is shorter than for axillary
HH. Response rates to BoNT-A also vary more compared with that of axillary HH'®. In
previous study, patients with palmar HH who were treated with botulinum toxin type A
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(Xeomin) and B (NeuroBloc) injections reported a 100% satisfaction rate and showed
significant DLQI improvement at 3 weeks after treatment (P < 0.05)°.

The optimal dose for BONT-A is unknown, as it depends on the surface size of the palm.
It is often reported to be between 100 and 240 units per hand for OnaA, and 120 units to 500
units per hand for AboA. Some studies have suggested using a defined dose per injection: 2—3
units spaced every 1-2 cm, approximately 40—-50 injections in total (Figure 4). However, this
may slightly vary, depending on the palm size. Adverse effects include transient weakness of
the intrinsic hand muscles?, which usually presents 1-3 days after an injection resolves within
10—-14 days. Another adverse effect of palmar injection is intense pain owing to the sensitivity
of the palms. This may require regional nerve block anesthesia prior to injections. Ice cube
anesthesia to precool the site for about 5—10 sec has proven significantly effective, whereas
topical anesthesia with cream will not sufficiently decrease discomfort.

Figure 4. Botulinum toxin injection pattern on the palm and digits for palmar hyperhidrosis

Plantar hyperhidrosis

There are few reports regarding the use of BoNT for the treatment of plantar HH. The
thick stratum corneum on the soles of the feet make intradermal injections difficult?, not to
mention that dense innervation makes injections painful. Nevertheless, nonrandomized
controlled trials have reported that BoNT-A injections are equally effective for plantar and
palmar HH at similar dosages, and patients may experience approximately 6 months of
symptom relief and improvement in dermatological quality of life!*,

Craniofacial hyperhidrosis

Botulinum toxin type A has been used successfully for forehead HH, with an
effectiveness rate reaching approximately 75% and a duration of action of at least 5 months'®,
Botulinum toxin injections are usually applied in a band close to or along the hairline. Reported
adverse effects included mild weakness of the frontalis muscle lasting approximately 3 months
that sometimes result in a mild brow ptosis!” ¥, Dermatology Life Quality Index scores
significantly improve at 2—4 weeks.®
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Although BoNT has been used to treat nearly all types of focal HH, the Food and Drug
administration (FDA) has only approved it for the treatment for axillary HH. The use of BoNT-
A for palmoplantar and craniofacial HH is considered unapproved!® !°. Still, high efficacy and
safety rates have been reported for BONT-A in the management of nearly all types of focal HH.
Our statistical analysis revealed that botulinum toxin for primary HH significantly improved
patients’ dermatological quality of life (as indicated by DLQI scores). However, our forest plot
suggests that the 5 included studies significantly differed from each other, and I = 99.3%,
indicating heterogeneity. This heterogeneity might have resulted from the varying composition
of HH sites investigated by each of the studies (e.g., axillary, palmar, plantar, and craniofacial).
The types of BoNT, dose of BONT, and dilution method could also have been a factor.

Conclusion

Botulinum toxin is an effective treatment option for primary HH and can considerably
improve the dermatological quality of life, while it is safe, easy to use with minimal side effects.
Botulinum toxin might be a useful alternative to current treatment modalities for primary HH.
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Abstract: Matrix metalloproteinases (MMPs) are zinc-containing endopeptidases with an extensive
range of substrate specificities. Collectively, these enzymes are able to degrade various components
of extracellular matrix (ECM) proteins. Based on their structure and substrate specificity, they can
be categorized into five main subgroups, namely (1) collagenases (MMP-1, MMP-8 and MMP-13);
(2) gelatinases (MMP-2 and MMP-9); (3) stromelysins (MMP-3, MMP-10 and MMP-11); (4) matrilysins
(MMP-7 and MMP-26); and (5) membrane-type (MT) MMPs (MMP-14, MMP-15, and MMP-16).
The alterations made to the ECM by MMPs might contribute in skin wrinkling, a characteristic
of premature skin aging. In photocarcinogenesis, degradation of ECM is the initial step towards
tumor cell invasion, to invade both the basement membrane and the surrounding stroma that mainly
comprises fibrillar collagens. Additionally, MMPs are involved in angiogenesis, which promotes
cancer cell growth and migration. In this review, we focus on the present knowledge about premature
skin aging and skin cancers such as basal cell carcinoma (BCC), squamous cell carcinoma (SCC), and
melanoma, with our main focus on members of the MMP family and their functions.

Keywords: matrix metalloproteinase (MMP); photoaging; photocarcinogenesis; basal cell carcinoma;
squamous cell carcinoma; malignant melanoma

1. Introduction

Skin is the primary means through which an organism interacts with its environment. Accordingly,
it is regularly exposed to a direct oxidative environment, including ultraviolet (UV) radiation.
Acute exposure to UV radiation causes sunburn, connective tissue deterioration, DNA injury, and
immune suppression. Chronic or long-term exposure to UV radiation disrupts the normal skin
structure leading to a host of skin issues including premature skin aging (photoaging) and skin cancer
(photocarcinogenesis) [1,2].

UV radiation increases the expression of matrix metalloproteinases (MMPs) in human skin.
MMPs are responsible for degrading the extracellular matrix (ECM) proteins such as collagen,
fibronectin, elastin, and proteoglycans, contributing to photoaging [3,4]. MMPs play a crucial role in
photocarcinogenesis by regulating/affecting various processes related to tumor progression including
tumor institution, growth, angiogenesis, and metastasis [5].

This review focuses on human MMPs in relation to photoaging and photocarcinogenesis. The first
half of the paper briefly summarizes the role of MMPs in relation to photoaging and the second half
focuses on the involvement of MMPs in the pathophysiology of skin cancers such as melanoma, basal
cell carcinoma (BCC), and squamous cell carcinoma (SCC).

Int. J. Mol. Sci. 2016, 17, 868; doi:10.3390/1jms17060868 www.mdpi.com/journal/ijms
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MMPs are zinc-containing endopeptidases with a broad range of substrate specificities.
They mediate the degradation of the different components of the ECM [3,4]. They are secreted
by keratinocytes and dermal fibroblasts in response to multiple stimuli such as oxidative stress, UV
radiation, and cytokines [6,7]. To date, at least 28 different types of MMPs have been identified that
play important roles in various pathophysiological processes including photoaging, wound healing,

skeletal growth and remodeling, arthritis, inflammation, angiogenesis, and cancer [3,8,9].

MMPs can be categorized into five main subgroups based on their substrate specificity and
structural organization. These are listed below in Table 1:

Table 1.

photoaging and photocarcinogenesis.

Classification of human metalloproteinases (MMPs) and their function in relation to

MMP Subgroup MMP Number  Alternate Name Role in Photoaging Role in Photocarcinogenesis
- Interstitial collagenase - Collagen type I and III ) Tur.n.o r growth m BCC an§ ScC
MMP-1 . - Facilitate tumor invasion in
-Type I Collagenase degradation
melanoma
- Limited role in BCC and SCC
Collagenases MMP-8 - Neutrophil collagenase - Limited role - Increased risk of malignant
melanoma
- Tumor invasion and
. } g e angiogenesis in BCC and SCC
MMP-13 Collagenase-3 Limited role - Involved in invasive VGP of
melanoma
- Growth initiation and tumor
- Gelatinase-A . invasion in BCC and SCC
MMP-2 - 72 kDa type IV collagenase Collagen type IV degradation _ Hematogenous metastasis in
Gelatinases melanoma
- Growth initiation and tumor
- Gelatinase-B invasion in BCC and SCC
MMP-9 -92-kDa type IV collagenase  ~ Degrade collagen type IV - Related to the RGP of melanoma
and tumor angiogenesis
- Stromelysin-1 . - Tumor progression and
MMP-3 - Proteoglycanase :Egﬁjg&n&}ﬁ;zd;gr:iitﬁn metastasis in SCC
Stromelysins - Transin-1 r - Activate pro-MMPs in melanoma
MMP-10 ) StromelySIn—Z - Activate pro-MMPs - Tumor initiation in SCC
- Transin-2
MMP-11 - Stromelysin-3 - -
MMP-7 - Matrilysin-1 - Elastin degradation - Tumor invasion
Matrilysins - Pump-1
- Matrilysin-2 -Limited role in BCC
MMP-26 arrysin - -Activate MMP-9 and promote
- Endometase .
tumor growth in SCC
- Tumor invasion
MMP-14 - MT1-MMP - “Activate MMP2
- Tumor angiogenesis in
melanoma
Membrane-type MMP-15 - MT2-MMP - - Tumor invasion in melanoma
MMP-16 - MT3-MMP - - Tumor invasion in melanoma
MMP-17 - MT4-MMP - -
MMP-24 - MT5-MMP - -
MMP-25 - MT6-MMP - -
MMP-12 - Metalloelastase - Elastin degradaion - Tumor mnvasion, lymph node
metastasis in melanoma
MMP-19 -RASI-1 - -
MMP-20 - Enamelysin - -
Other types MMP-21 ] ] ]
MMP-22 - - -
MMP-23 - - -
MMP-28 - Epilysin - -

1. Collagenases (MMP-1, MMP-8, and MMP-13) recognize the substrate through a hemopexin-like
domain and are able to degrade fibrillar collagen [10].
2. Gelatinases (MMP-2 and MMP-9) are able to digest a number of ECM components such as

collagen type I and IV.
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3. Stromelysins (MMP-3, MMP-10, and MMP-11) have a domain arrangement similar to that of
collagenases; however, they do not cleave fibrillar collagen type I.

4. Matrilysins (MMP-7 and MMP-26) lack a hemopexin-like domain and degrade collagen type IV
but not type L.

5. MT-MMPs (MMP-14, MMP-15, and MMP-16) have an additional C-terminal transmembrane
domain with a short cytoplasmic tail. Both MMP-14 and MMP-16 degrade fibrillar collagen type I.

In addition to the five aforementioned subgroups of MMPs, there are few MMPs that are not
grouped into any of these categories, such as metalloelastase (MMP-12), RASI-1 (MMP-19), enamelysin
(MMP-20), and epilysin (MMP-28) [9].

3. Photoaging

Aging changes in the skin can be categorized in two groups: (1) intrinsic, or chronologic
aging, an inherent degenerative process due to declining physiological functions and capacities;
and (2) extrinsic, or photoaging, a distinctive deteriorating process caused by environmental factors.
UV radiation is the major environmental factor that causes photoaging [11,12]. The action spectrum
for UV-induced skin damage is divided into UV-A (320400 nm) and UV-B (290-320 nm). UV-A rays
account for up to 95% of the UV radiation reaching the Earth’s surface and is only slightly affected by
ozone levels. The amount of UV-B reaching the earth’s surface is lesser than that of UV-A; however,
its intensity is high enough to cause photoaging and skin cancer [13,14]. Nonetheless, both UV-A
and UV-B irradiation can induce oxidative stress in human skin, leading to temporal and persistent
genetic impairment, up-regulation of activator protein (AP)-1 activity, and increased MMP expression
(Table 2) [15,16].

Table 2. Role of UV-A and UV-B in photoaging induced by MMPs.

MMPs UV-A UV-B
Collagenases
MMP-1 + ++
MMP-8 NA NA
MMP-13 + +
Gelatinases
MMP-2 + +
MMP-9 + +
Stromelysins
MMP-3 + ++
MMP-10 + ++
Matrilysins
MMP-7 + +
MMP-26 NA NA
MT-MMPs
MMP-14 NA NA
MMP-15,16 NA NA
Other types
MMP-12 ++ +

Abbreviations: ++, highly upregulated; + upregulated; NA, no reported.

Photoaging involves prominent cutaneous transformation that is clinically characterized by fine
and coarse wrinkles, blotchy dyspigmentation, telangiectasia, sallowness, increased fragility, and
rough skin texture [3]. Additionally, histological and ultrastructural studies have revealed epidermal
hyperplasia, damaged and disorganized collagen fibrils, and substantial accumulation of abnormal
elastic material in dermal connective tissue [16,17].

Photoaging is caused by an imbalance in equilibrium between the accumulation and degradation
of ECM components that provide structural and functional support to the skin tissue. Cumulative
exposure to the sun results in continuous degradation of ECM proteins such as collagen and elastin,
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and a decreased rate of renewal/synthesis of collagen. Collagen is the primary insoluble fibrous
protein in the ECM and in connective tissue. Type I collagen is the most abundant subtype of collagen
found within connective tissue of the skin, followed by small amounts of type III collagen. Fibroblasts,
located within the dermis, mainly synthesize collagen, which imparts strength and elasticity to the
skin [12,14,17].

Degradation of collagen is normally regulated by MMPs and by the activity of their natural
inhibitors, tissue inhibitor of metalloproteinases (TIMPs). Increased MMP activity is an important
factor influencing the development of age-related changes in skin [18] (Figure 1 and Table 1).

In the skin, epidermal keratinocytes and dermal fibroblasts mainly secrete MMP-1(interstitial
collagenase or collagenase 1), a collagenase that degrades fibrillar collagens type I and III into specific
fragments at a single site within the central triple helix. Other MMPs such as gelatinases, further
hydrolyze these fragments, ultimately impairing the function of the collagen-rich dermis [1,4,8,19].

Cytokine
receptor
| \ Cytoplasm
(p)
Procollagen type I production ‘ MAPK kinase |\~ NF-kB

O o |

42 AP-1 —_ WW

MMPs promoters _,f"l Nucleus

[MmMP10]|  [Mwmpaz]

Activate pro-MMPs

Type I and III collagen

Type I collagen degradation
degradation
Type IV collagen
Type I and III collagen degradation
Elastin fragments —_ ' Elastin

degradation\_’ PHOTOAGING

degradation

Figure 1. Schematic diagram showing the role of MMPs in photoaging. UV-induced excess intracellular
reactive oxygen species (ROS) activates mitogen-activated protein kinases (MAPKs) and nuclear
factor-kappa B (NF-kB), culminating in the transcriptional regulation of MMPs, and results in the
degradation of collagen and elastin, subsequently leading to photoaging. In addition to collagen
and elastin degradation, AP-1 inhibits transforming growth factor beta (TGF-p) signaling, causing
a reduction in procollagen synthesis.

UV irradiation induces increased synthesis and expression of MMP-1 by dermal fibroblasts, which
is stimulated by the generation of excess reactive oxygen species (ROS), and plays a critical role in
photoaging. UV irradiation induces excess intracellular ROS such as singlet oxygen (1O,), superoxide
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anion (O, ™), hydrogen peroxide (H,0O,), and hydroxyl radicals (OH") [17]. ROS, a secondary messenger,
activates the mitogen-activated protein kinase (MAPK) family. MAPKSs are a family of proline-directed
Ser/Thr kinases comprising extracellular signal-regulated kinases (ERKSs), p38, and c-Jun NH2-terminal
kinase (JNK). ERK is important to stimulate the expression of c-Fos, whereas p38 and JNK activation
are crucial for the expression of c-Jun. c-Jun in combination with c-Fos forms the transcription factor
AP-1, which plays an essential role in the transcriptional regulation of MMP-1, MMP-3, and MMP-9
resulting in the degradation of collagen [4,17,20]. Additionally, AP-1 inhibits transforming growth
factor-p (TGF-f) signaling, a major regulator for the production of procollagen type I in human skin.
Impairment of the TGF-f3 pathway leads to decreased synthesis of procollagen [21-23]. Besides AP-1,
nuclear factor-kappa B (NF-«B) is another important transcription factor that is activated in response to
UV irradiation. NF-«B is a universal transcription factor that regulates the gene expression of growth
factors, chemokines, cytokines, and cell adhesion molecules, in healthy as well as numerous diseased
states. Generation of ROS induces NF-kB-mediated transcriptional activation and regulation of MMP
gene expression. Thus, this factor is important to mediate the responses of UV irradiation. NF-«B
activity is reported to be responsible for the up-regulation of MMPs such as MMP-1 and MMP-3 in
dermal fibroblasts [2,20,24]. Thus, both AP-1 and NF-«B are involved in the process of photoaging.

UV-induced AP-1 activation enhances the expression of MMP-1, MMP-3, and MMP-9. MMP-3,
known as stromelysin-1, differs from collagenases because of its inability to digest collagen type I.
However, it does degrade a large number of ECM proteins, such as type IV, V, IX, and X collagens,
gelatin, fibrillin-1, fibronectin, laminin, and proteoglycans. The primary function of MMP-3
is the activation of pro-MMPs such as collagenases, gelatinase B, and matrilysins during ECM
turnover. In particular, the production of fully active MMP-1 MMP-3 is essential to partially activate
pro-MMP-1 [9,25,26]. MMP-10, known as stromelysin-2, cleaves various ECM proteins and is involved
in the activation of pro-MMPs. However, the catalytic function of collagen type IV and type V is quite
weak compared to the MMP-3 activity [9,27].

MMP-9, known as gelatinase B or 92-kDa type IV collagenase, is a member of the gelatinase
subgroup of MMPs, whose expression is largely dependent on the activation of AP-1. MMP-9
is produced by human keratinocytes and can digest collagen type IV, an important component
of the basement membrane in skin. The epidermal basement membrane is responsible for the
epidermal-dermal adhesion, which is crucial for epidermal integrity. It is also important in controlling
epidermal differentiation [8,9,28,29]. Like MMP-9, MMP-2 (known as gelatinase A or 72-kDa type IV
collagenase) is able to cleave collagen type IV [30]. Additionally, both these gelatinases can degrade
other substrates such as collagen type V, VII, and X, fibronectin, and elastin. They are essential in
degrading fibrillar collagen fragments after their initial degradation by collagenases [12,25,31].

Collagenases refer to a class of MMPs with the ability to degrade native collagen without
unwinding the triple helical assembly of the substrate. Interstitial collagenase (MMP-1), neutrophil
collagenase (MMP-8), and collagenase 3 (MMP-13) belong to this group [9]. They have similar
configuration and enzymatic functions, despite small differences in substrate specificity. As mentioned
above, MMP-1 plays an important role in the photoaging process. Recent studies suggest a limited
role for MMP-8 in UV-mediated collagen damage in the skin. Although this enzyme was found to be
induced by UV light, it is up-regulation was minimal [32]. MMP-13 shows higher cleavage specificity
for collagen type II, a major collagen present in the cartilage, compared to collagen type I and III.
MMP-13 is five times less potent than MMP-1 in cleaving collagen types I and III; however, it is 5-10
times more potent in cleaving collagen type II [9]. Hence, during photoaging, MMP-8 and MMP-13
probably contribute very little to the overall structural damage to collagen.

In addition to the degradation of collagens in skin, changes in the level of elastin have also been
well documented in the process leading to photoaging. Elastin is a major component that contributes
to the function of recoil and resilience, although it constitutes only 2%—4% of the total protein content
of the skin. Reduced levels of elastin are associated with various diseases such as atherosclerosis and
arthritis. Degradation of elastin results in an aged appearance of the skin [33-35]. MMP-12, known as
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macrophage metalloelastase, is the most effective MMP against elastin. Macrophages and fibroblasts
secrete MMP-12 in response to acute UV radiation. MMP-12 plays a crucial role in the development of
solar elastosis as indicated by the association between the expression of MMP-12 and the amount of
elastotic material in the upper dermis of photodamaged skin [30,33,35]. The process of solar elastosis
refers to the collection of dystrophic elastotic material in the dermis [15,33]. In addition to elastin,
MMP-12 can cleave many other substrates belonging to the ECM, such as collagen type IV fragments,
fibronectin, fibrillin- 1, laminin, entactin, vitronectin, heparin, and chondroitin sulfates. MMP-12 is
also responsible for the activation of other pro-MMPs, such as pro-MMP-1, MMP-2, MMP-3, and
MMP-9 [9,34]. In addition to MMP-12, MMP-7 (called matrilysin) can efficiently degrade elastin. Upon
UV irradiation, MMP-7 can cleave not only elastin but also many other substrates of the ECM, such as
collagen type IV, entactin, fibronectin, laminin, and cartilage proteoglycan aggregates [9,30].

Neutral endopeptidase (NEP) or neprilysin, a 94-kDa membrane-bound type of metalloprotease,
is identical to fibroblasts-derived elastase. It exhibits similarities in terms of its membrane-bound
metalloproteinase nature and inhibitory profiles [36,37]. The enhanced NEP activity in dermal
fibroblasts plays an important role in the UV-B-induced cascade of biological processes that lead
to skin wrinkling and/or sagging. This occurs because of the deterioration of the three-dimensional
structure of elastic fibers and the subsequent loss of skin elasticity [36,38]. The expression of NEP is
associated with keratinocyte-derived cytokines including interleukin-1 alpha (IL-1¢) and granulocyte
macrophage colony stimulatory factor (GM-CSF). Repetitive exposure to UV-B radiation activates
keratinocytes to secrete IL-1&, which then stimulates the secretion of GM-CSF in an autocrine manner.
Additionally, UVB can directly stimulate keratinocytes to produce GM-CSF. Both, IL-1ec and GM-CSF
enter the dermis and stimulate fibroblasts to up-regulate NEP. NEP then destroys the three-dimensional
architecture of the elastic fibers thereby impairing skin elasticity, resulting in wrinkle formation in the
skin [36,38].

MMPs play a significant role in wrinkle formation, a characteristic of photoaging. Evolution
of novel MMP inhibitors is promising as targets to combat photoaging. In recent years, there
has been considerable interest in the use of botanical supplements for the prevention of solar UV
radiation-induced skin photodamage (Table 3). Galla chinensis, a natural traditional Chinese medicine,
is known to significantly suppresses UV-B-induced ROS and MMP-1 expression in normal human
dermal fibroblasts [21]. Extracts of Neonauclea reticulata, a member of Rubiaceae, a flavonoid-enriched
flowering plant, significantly decreases the expression of MMP-1, MMP-3, and MMP-9 by suppressing
ERK, p38, and JNK phosphorylation. Ixora parviflora and Coffea arabica, polyphenol-enriched members
of Rubiaceae family, exhibit anti-photoaging activity by inhibiting the expression of MMP-1, MMP-3,
and MMP-9, and MAPK activity [12,17,39].

Table 3. Protective agents against photoaging.

Mechanisms Protective Agents

Galla chinensis
Neonauclea reticulate
Coffea Arabica
Ixora parviflora

Coffea Arabica
Terminalia catappa
Emblica officinalis
Epigallocatechin-3-gallate (EGCG)
Gynura procumbens
Caesalpinia sappan L.

MMP inhibitors

Free radical scavengers

Another strategy to diminish the damaging effects of UV radiation on skin is the use of
antioxidants or free radical scavengers (Table 3). Polyphenols, with a higher number of OH groups
act as ROS scavengers and protect against cellular damage. Natural products with high polyphenol
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contents such as Emblica officinalis, Coffea arabica, Terminalia catappa, and epigallocatechin-3-gallate
(EGCG) render effective protection against photoaging [14,17,31]. In addition to phenolic compounds,
coriander leaf extract, Gynura procumbens, and Caesalpinia sappan L. also exhibit strong protective effects
against UV-induced oxidative stress [4,22,24].

4. Photocarcinogenesis

4.1. BCC

Overexposure of human skin to solar UV radiation is a major environmental risk factor for
melanoma and nonmelanoma skin cancers [40]. Nonmelanoma skin cancers include BCC and
SCC, which are responsible for approximately 80% and 20% of all nonmelanoma skin cancer cases,
respectively [41-43].

In humans, skin neoplasms commonly arise in the epidermis or hair follicles where proliferating
basaloid tumor cells are present. To date, most of the studies on BCC are based on Caucasian
populations, as this type of cancer is less common in Asians and Black African races. It has been shown
that the incidence of BCC in Asian individuals range from 16 to 20 per 100,000, and is increasing since
the 1960s. In contrast, the incidence of BCC in Caucasians has been approximated to be higher than
200 and 400 per 100,000 in females and males, respectively [44,45].

BCC mostly occurs in parts of the body that are frequently exposed to the sun, such as the head
and neck regions. In particular, BCC often develops on the face with the nose and the lip being
the most commonly affected areas [42,46]. Though BCC is characterized by slow progression and
low metastatic potential, it has a propensity to be locally destructive. If untreated, BCC may invade
subcutaneous fat, muscles, and even bones [42,47,48]. The invasion of tumor cells is a complex,
multistage process, which starts with proteases such as MMP degrading the basement membrane and
the ECM surrounding the original tumor (Figures 2 and 3), altering cell-to-cell adhesion properties,
reorganizing the ECM surroundings, suppressing anoikis, and rearranging the cytoskeleton to facilitate
cell motility. These processes are governed by complex interactions between various biomarkers,
especially MMPs, cell-cell adhesion molecules (such as 3-catenin), and chemokine receptor-ligand
complexes (SDF- 1/CXCR4) [42,47,49].

\‘ Tumor gro
\ . :
o6

o
\ Tumor cells
m /

VEGF

Inflammatory cells;
macrophage
Endothelial cells

Figure 2. Role of MMPs in BCC and tumor growth. MMP-1 and MMP-2 secreted by fibroblasts
facilitate tumor growth. MMP-13 secreted by fibroblasts and tumor cells promote tumor angiogenesis.

Y -,7)0

MMP-9 secreted by inflammatory cells activates BCC cells to secrete VEGF, which in turn
promotes angiogenesis.
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Figure 3. Role of MMPs in BCC tumor invasion. MMP-2 and MMP-13 secreted by fibroblasts facilitate
tumor invasion. Inflammatory cells-derived MMP-9 degrades the basement membrane and promotes
tumor invasion. BCC cells secrete MMP-7 and MMP-14. MMP-7 degrades the basement membrane,
HB-EGF and E-cadherin, whereas, MMP-14 degrades the basement membrane, CD-44 and E-cadherin.
Together, they play an important role in tumor invasion.

Two essential steps in tumor development are degradation of the basement membrane and
invasion of the surroundings tissue by tumor cells [43,46,47,50]. Gelatinases are known to be
associated with cancer invasion because of their ability to degrade crucial components of the basement
membrane, especially collagen type IV [43,50]. MMP-2 is mostly secreted by fibroblast-like stromal
cells surrounding BCC tumors, and rarely by keratinocytes and BCC tumor cells. Interaction of stromal
fibroblasts and BCC tumor cells affects fibroblasts-derived MMP-2, suggesting a significant effect of this
interaction in the development of cancer [5,51]. MMP-2 plays an important role in creating a suitable
microenvironment for the proliferation of cancer cells and contributes to epithelial-mesenchymal
transition (EMT). This transition depends upon the eliminating of adhesion molecules, such as
cadherins and integrins, and a marked reorganization of the cytoskeleton, both of which facilitate the
separation of malignant cells from the primary tissue. All of these processes are associated with the
activity of MMP-2 [9].

MMP-9, is a gelatinase with proteolytic activity against the basement membrane components,
including collagen type IV [5,41]. MMP-9 is mostly secreted by inflammatory cells such as macrophages,
rather than by tumor cells [46,52]. Macrophages located within the tumor environment are called
tumor-associated macrophages (TAMs). TAMs are a type of M2 macrophage that supports tumor
growth. In addition to secreting proteases, TAMs can activate COX-2 in BCC cells. Overexpression of
COX-2 induces secretion of angiogenic factors such as vascular endothelial growth factor (VEGF), and
basic fibroblast growth factor (bFGF) [53].

Inflammatory cells surrounding BCC are typically positive for MMP-13, MMP-1, and MMP-9,
indicating an essential role of inflammation in modulating tumor progression [42]. MMP-13 is
involved in the degradation of ECM and its expression is associated with malignant transformation
in skin carcinogenesis [42,46,47]. The expression of MMP-13 is not confined to tumor cells alone, as
its expression is up-regulated in stromal cells surrounding epithelial tumors including fibroblasts,
inflammatory cells, and endothelial cells. Endothelial cells-derived MMP-13 is associated with
endothelial cell proliferation and vascular differentiation [42]. Of the other collagenases, MMP-1
is the primary collagenolytic enzyme in BCC. The expression of MMP-1 is significantly enhanced by
fibroblasts at the invasive front of BCC, suggesting its role in the initial steps of tumor proliferation,
which is mediated by cleaving the ECM proteins and active forms of growth factors that subsequently
stimulate cancer cells [46,51].
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UV irradiation increases tyrosine phosphorylation of 3-catenin. The epidermal growth factor
receptor (EGFR) activation signaling pathway facilitates nuclear translocation of phosphorylated
B-catenin. In the nucleus, B-catenin regulates the Wnt/T-cell transcription factor (TCF) signaling,
thereby stimulating gene transcription of MMPs, including MT1-MMP and matrilysin [42,48].
MT-MMPs are different from other soluble MMPs because of the presence of an additional C-terminal
transmembrane domain and a short cytoplasmic tail. MT1-MMP or MMP-14, a classical type of
MT-MMP, acts as a membrane activator of other soluble MMPs, such as MMP-2 [43,48]. Expression
of MT1-MMP is involved in the degradation of ECM barrier, which then promotes tumor invasion
because of its localization at the invasive front of tumor invading cells. In addition to its ability
to degrade multiple components of the ECM, MT1-MMP can degrade cell adhesion molecules and
signaling receptors such as CD44 and E-cadherin [48]. E-cadherin, a calcium-dependent cell adhesion
protein, plays a primary role in intercellular adhesion in all the layers of the epidermis except the
outermost layer [54]. CD44, a cell-surface glycoprotein, is a member of the hyaluronate receptor of
cell adhesion molecules [55]. Loss of either CD44 or E-cadherin leads to impairment of epidermal cell
adhesion, thereby promoting invasion of malignant tumor cells into the neighboring tissues [52].

MMP-7 or matrilysin is a widespread metalloproteinase that can degrade numerous ECM and
cell surface proteins including E-cadherin and heparin-binding epidermal-like growth factor (HB-EGF)
precursor. CD44 mediates the recruitment of active MMP-7 and HB-EGF precursor to form a complex
on the surface of tumor cells. In this complex, MMP-7 processes HB-EGF precursor and the resultant
HB-EGF activates and stimulates its receptor, ErbB4, resulting in the destruction of the basement
membrane, which is an essential step towards tumor progression [52]. MMP-26, also known as
matrilysin-2 or endometase, is the smallest known MMP to date. Its expression is barely detected in
BCC epithelium or stromal cells and is therefore not considered significant in the development of BCC
nor in the process of angiogenesis [46,56].

4.2. 5CC

The second most common type of nonmelanoma skin cancer is SCC, accounting to approximately
20% of all skin malignancies [57-59]. It is characterized by malignant proliferation of epidermal
keratinocytes. Causes for the development of SCC are multifactorial, including both host and
environmental factors. The common host risk factors include genetic predisposition, immunosuppression,
human skin type, and human papilloma virus infection. The common environmental risk factors
include UV exposure, ionizing radiation, exposure to certain chemicals such as arsenic, and smoking.
UV radiation is considered the predominant risk factor for SCC [57-59]. Unlike BCC, SCC exhibits an
increased risk of metastasis, though the rate of metastasis is much lower than that of melanoma [58,60].

Metastasis of cancer cells is a complex multistep process involving altered cell-to-cell adhesion,
degradation of the ECM and basement membrane, detachment of tumor cells from the original site,
intravasation into lymphatic or blood vessels, and establishment of new tumor at distant sites [60-62].
The barrier that mainly restricts development of cancer by preventing tumor invasion and metastasis
is composed of the ECM and basement membrane. Thus, it is well established that the degradation of
ECM and basement membrane, which requires a wide range of proteolytic enzymes, enhance the ability
of tumor cells to invade and metastasize. MMPs play an important role in this process and as they
have been implicated in the degradation of ECM and basement membrane [60,63] (Figures 4 and 5).

MMP-2 and MMP-9, members belonging to the gelatinase subgroup, play an essential role in
SCC invasion and metastasis. This ability is mainly attributed to the cleavage of collagen type IV,
the major component of the basement membrane. Additionally, gelatinases function to regulate the
activity of numerous growth factors and cytokines. This affects immune response and angiogenesis,
leading to the proliferation and maintenance of primary and metastatic tumors [63-65]. The greater
invasive property of SCC, compared to that of BCC, might be due to the enhanced expression and
activity of gelatinases [5,43]. Gelatinolytic activity is initiated at the onset of invasive growth, mainly
in the tumor stroma. Fibroblasts are potent producers of MMP-2 [64]. In contrast, neutrophils, mast
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cells and macrophages are the predominant source of MMP-9 [5,65]. Fibroblast-derived MMP-2
is expressed to a greater degree during the earlier stages of squamous carcinogenesis, resulting in
the initiation of tumor growth. Inflammatory cell-derived MMP-9 promotes tumor invasion and
angiogenesis by mediating the release of TGF-f3 and VEGEF [64,66,67]. The expression of VEGF is also
governed by hypoxia-inducible factor-1a (HIF-1c¢). During tumor progression, the proliferating tumor
cells increase oxygen consumption, thereby worsening hypoxia. In order to adapt to the hypoxic
condition, tumor cells up-regulate the expression of HIF-1¢, which further aids tumor development
and angiogenesis [68,69].
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Figure 4. Role of MMPs in SCC and tumor growth. Fibroblasts secrete MMP-1, MMP-2 (also activated
by MMP-14), MMP-3, MMP-10, MMP-13 (also enhanced by TGF-f3 that is activated by MMP-2 and
MMP-9), and MMP-14 to promote tumor growth. In addition to tumor initiation, MMP-13 is involved
in the maintenance of angiogenesis through the release of VEGEF. Inflammatory cells-derived MMP-9
induces SCC cells to release VEGF to support tumor angiogenesis. MMP-26 can activate MMP-9 and
promote tumor growth.
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Figure 5. Role of MMPs in SCC tumor invasion. Fibroblasts secrete MMP-2, MMP-3, and MMP-13 to
promote tumor invasion. Inflammatory cells secrete MMP-9 that degrades the basement membrane,
leading to tumor invasion. SCC cells secrete MMP-7, which degrades syndecan-1, E-cadherin and
induces the expression of MMP-2 and MMP-9. Additionally, SCC cells secrete MMP-14, which degrades
the basement membrane. The expression of both MMP-7 and MMP-14 are important for tumor invasion.
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Similar to MMP-2, the collagenases MMP-1 and MMP-13 are expressed in stromal cells,
particularly in tumor-associated fibroblasts [61,70]. Both MMP-1 and MMP-13 are able to cleave
native fibrillar collagen, an important step in tumor invasion and metastasis [67,71]. Expression of
MMP-1 is reported to be associated with the initial steps of tumor growth in cutaneous SCC [72].
The involvement of cytokines in the initiation and development of tumor is an interesting fact in
tumor biology. Interleukin (IL)-6, a potent pleiotropic cytokine, produced by various cell types such as
activated keratinocytes, B- and T lymphocytes, macrophages, and endothelial cells, has a variety of
biological functions. IL-6 is a key factor driving tumor progression [72]. The expression level of IL-6 is
related to the expression of MMP-1. This indicates a role for MMP-1 in the regulation of cytokine and
protease network, particularly related to SCC tumor progression [59]. Thus, overexpression of MMP-1
correlates positively with tumor aggressiveness and a poor clinical outcome.

MMP-13 has great substrate specificity and is a powerful tool for tumor invasion [73]. It is mainly
produced by stromal cells that lie in close vicinity to tumor cells, which supports the crucial role of
stroma in tumor progression. Furthermore, MMP-13 is involved in the maintenance of angiogenesis
through the release of VEGF from the tumor ECM [67,71]. The level of MMP-13 is up-regulated by
a multifunctional growth factor called TGF-f3, which exerts various effects on ECM deposition, tumor
cell proliferation and progression [73]. Interestingly, TGF-{ is activated by gelatinolytic enzymes
(MMP-2 and MMP-9) [61]. Taken together, tumor cell invasion and metastasis is mediated by the
interaction between various MMPs and growth factors.

Several other MMPs are reported to be involved in the pathophysiology of SCC. Among them,
MT1-MMP or MMP-14 acts as the most powerful pericellular proteolysis mediator. Tumor cells are
controlled by processes that help them to pass through the ECM and to migrate and invade in the form
of a single cell and as a collective tumor in a greatly arranged manner [61]. MT1-MMP, a member of
the MT-MMP subgroup, plays an important role in the degradation of various ECM proteins and in
activating pro-MMP-2. Both stromal fibroblasts and tumor cells in SCC, particularly at the invasive
front of the tumor, secrete MMP-14. This finding suggests that the expression of MMP-14 in fibroblasts
and tumor cells are related to tissue remodeling and invasive tumor growth, respectively [57,64].
The aggressive behavior of SCCs is illustrated by the fact that MMP-14 is expressed at the surface of
tumor cells.

Although MMP-7 is the smallest member of the MMP family;, it is able to digest a wide range of
ECM proteins and cleave several cell surface proteins including-cadherin and syndecan-1 [50,54].
E-cadherin/syndecan-1 complex is a potent suppressor of invasion, and loss of E-cadherin or
syndecan-1 on the cell surface leads to epithelial cell transformation [54]. In addition to enhancing
tumor invasion and metastasis directly, MMP-7 exerts indirect effects through the activation of MMP-2
and MMP-9 [50]. Unlike several other MMPs that are involved in varied stages of tumor invasion,
MMP-26 plays an essential role in the initial stages of skin cancer. MMP-9, the most important MMP in
SCC tumor growth, is stimulated by MMP-26 [65].

MMP-10 or stromelysin-2, similar to other metalloproteases, facilitates the recruitment of
infiltrating cells by remodeling the ECM. Moreover, MMP-10 up-regulates several other MMPs such as
MMP-1, MMP-7, MMP-9, and MMP-13 that are essential for tumor progression. The function of this
protease is restricted to the initial process of tumor initiation, indicating that it might not be important
in invasion or metastasis [74]. MMP-10 is highly expressed in SCC stromal cells and is up-regulated
by tumor-associated cytokines including TGF-f and TNF-a. Another stromelysin, MMP-3 is induced
in the tumor stroma in the early stages of tumorigenesis. It can degrade a variety of matrix and
non-matrix molecules such as growth factors, HB-EGF, and E-cadherin. Fibroblasts-derived MMP-3 is
a necessary mediator of tumor vascularization and tumor progression, and thus plays an important
role in mechanisms that modulate tumor metastasis [70,75].

Since MMPs appear to play a crucial role in the pathogenesis of SCC, many researchers have
tried to develop specific inhibitors for each MMP as targeted therapeutics for the treatment of cancer.
Vitamin D3 analogue, calcipotriol, down-regulates the expression of MMP-9 and MMP-13 in normal
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human epidermal keratinocytes and human squamous-cell-carcinoma cell line [76]. Hence, suppressive
effects of calcipotriol on the expression of MMP-9 and MMP-13 could be considered as a strategy for
cancer treatment.

An natural compound,x-mangostin, a xanthone compound isolated from the pericarp of
mangosteen, suppresses the activity of gelatinases, thus inhibiting the processes involved in
metastasis [60].

4.3. Malignant Melanoma

Cutaneous melanoma, a type of cancer arising from pigment-producing cells called melanocytes,
is known for its rapid progression, metastasis, and high morbidity and mortality in patients [77,78].
It accounts for 3%-5% of all cutaneous cancers, 75% of all skin cancer mortality, and has a 5-year
survival rate lower than 15% for metastatic cases [77-79]. Development of melanoma is divided into
two phases, radial growth phase (RGP) and vertical growth phase (VGP) or metastatic phase [79,80].
In the early stages of melanoma, RGP exists solely within the epidermis, with only a small number of
non-dividing cells present within the superficial dermis. VGP melanomas may develop directly from
RGP melanomas and are characterized by the invasion of dermal and subcutaneous tissues with the
ability to disperse to regional lymph nodes and distant organs [80,81].

Like nonmelanoma skin cancers, the activity of MMPs can promote invasion of melanoma
cells by altering the basement membrane and ECM proteins [77] (Figures 6 and 7). The gelatinases,
MMP-2 and MMP-9, primarily cleave collagen type IV and are believed to play a crucial role in the
progression of melanoma cells [78]. Fibroblasts secrete pro-MMP-2 which is activated by MMP-14 [82].
Overexpression of MMP-2 is correlated with architectural impairment, atypia progression, and
hematogenous metastasis [83,84]. MMP-9 is strongly expressed in inflammatory cells such as
macrophages, neutrophils, and mast cells. Its expression is related to the RGP rather than the VGP of
melanomas, and is probably associated with early stages of tumor invasion [83,84].
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Figure 6. Role of MMPs in malignant melanoma and tumor growth. Melanoma cells secrete MMP-15
and MMP-16 to promote tumor growth. Fibroblasts secrete MMP-2 (also activated by MMP-14,
MMP-15, and MMP-16) and MMP-14 to induce tumor growth. In addition to growth initiation, MMP-14
promotes tumor angiogenesis by enhancing the expression of VEGEF. Inflammatory cells-derived MMP-9

is involved in tumor development and tumor angiogenesis. MMP-7 produced by melanoma cells can
enhance tumor growth.

Angiogenesis is the initial process involved in the transition from a pre-neoplastic to a neoplastic
stage [85]. Hypoxia is a strong stimulus for tumor angiogenesis. Tumor cells become hypoxic as
they become distant from nearby vessels and respond to hypoxia-related angiogenic factors. HIF-1«,
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a master regulator of cellular hypoxic response, is a transcription factor essential for the transcriptional
activation of VEGEF, resulting in tumor angiogenesis [86,87]. In addition to angiogenesis, under hypoxic
conditions, HIF-1« plays an important role in the metastatic progression of melanoma by enhancing
the expression of MMP such as MMP-2, MMP-9, and MMP-14 [87,88].
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Figure 7. Role of MMPs in malignant melanoma tumor metastasis. Fibroblasts secrete MMP-1,
MMP-3 (also activate MMP-1 and MMP-13) and MMP-13 to facilitate tumor invasion. Melanoma
cells secrete MMP-7, MMP-14, MMP-15, and MMP-16 and facilitates tumor invasion. Inflammatory
cells secrete MMP-12 to promote tumor invasion and are involved in lymph node (LN) metastasis.
Fibroblasts-derived MMP-2 correlates with hematogenous spreading.

An adequate supply of oxygen and nutrients for tumor development, and a route for tumor cell
migration and invasion, are highly correlated with tumor angiogenesis. Many angiogenic factors
are secreted by tumor cells, including VEGFE, bFGF, and platelet-derived growth factor (PDGF). The
most essential pro-angiogenic factor is VEGF and its level is related to tumor vascularization [89,90].
Expression of MMP-9 plays an important role in tumor angiogenesis as it enhances the availability
of VEGF in malignant tumors. VEGF can up-regulate MMP-2 expression in melanoma cells [89,90].
Taken together, interaction between gelatinases and VEGF promote tumor progression by regulating
tumor angiogenesis and metastasis.

MT1-MMP plays a primary role in angiogenesis by promoting the expression of VEGF, mediating
endothelial cell migration and vascular formation processes [91,92]. Furthermore, MT1-MMP cleaves
a wide range of ECM components, promote tumor development and invasion, and activate pro-MMP-2
on the surface of melanoma cells [84,85]. Thus, MT1-MMP is crucial for tumor invasion and for
activating pro-tumorigenic MMPs. Of the other MT-MMPs, the expression of MT2-MMP (MMP-15)
and MT3-MMP (MMP- 16) is increased in primary and metastatic melanoma cells [92]. Like MT1-MMP,
MT3-MMP is also an efficient cell surface activator of pro-MMP2 [93].

Collagenases, MMP-1, MMP-8, and MMP-13, are the dominant extracellular proteinases with the
ability to cleave native fibrillar collagen types I, II, III, and V. As they can degrade dermal collagen, they
are particularly relevant in melanoma [81]. MMP-1, secreted by melanoma and activated stromal cells,
contributes to the progression of melanoma in two ways. Firstly, it promotes invasion and metastasis
of melanoma by breaking down interstitial collagens. Secondly, it promotes tumor invasion and
vascularization via protease activator receptor-1 (PAR-1)-induced gene expression [81,94]. In addition
to melanoma, PAR-1, an oncogene, is highly expressed in many types of cancer. The expression of
PAR-1 correlates with the depth of melanoma invasion [81]. Hence, the process of tumor cell invasion
requires a combination of PAR-1 activity and MMP-1 expression, both of which are responsible for the
collagenolytic function.
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MMP-13 is reported to be involved in the invasive VGP of melanomas. Its expression in stromal
cells immediately adjacent to the tumor is higher upon tumor cell invasion [82,92]. An increased risk
of malignant melanoma is correlated with the expression of MMP-8 [92].

MMP-3 can activate pro-MMPs, such as pro-MMP-1 and pro-MMP-13. It is expressed in metastatic
melanoma and is correlated with shorter disease-free survival [92,95]. MMP-7 or matrilysin is expressed
and produced by primary cutaneous and metastatic melanomas [92,96]. Matrilysin is secreted as
a pro-enzyme and is activated extracellularly. Its expression in melanomas enhances tumor cell growth
and metastasis, thereby reducing the survival rate [96]. Levels of MMP-12 correlates with melanoma
cell invasion, lymph node metastasis, and tumor metastasis. It is a potential predictive marker for the
prognosis of patients with melanoma [97].

The knowledge of events that are associated with the initiation and progression of melanoma
could be used critically for the development of novel therapeutic agents aimed at increasing the
effectiveness of cancer therapy and improving the survival rate of cancer patients.

5. Conclusions

Cutaneous exposure to UV irradiation causes the up-regulation of several different MMPs that
virtually impair the various components of the ECM. These alterations in the ECM are known to cause
skin wrinkling, a major characteristic of premature skin aging. Regulation of MMPs is one of the
strategies to prevent photodamage to the skin as their activities contribute to wrinkle formation. Use of
free radical scavengers or antioxidants is considered on a therapeutic basis to diminish the damaging
effects of UV radiation and to prevent UV-initiated photoaging because of their ability to inhibit the
expression and activity of MMPs.

MMPs play an important role in tumor development, growth, angiogenesis, and metastasis.
Each of these proteinases has specific roles in determining the invasive capacity of the tumor.
Hence, the function of distinct MMPs and their regulation should be considered the principal targets
for development of antineoplastic drugs or chemotherapeutic agents.
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Abbreviations
10, Singlet oxygen
AP-1 Activator protein 1
BCC Basal cell carcinoma
bFGF Basic fibroblast growth factor
COX-2 Cyclooxygenase 2
CXCR4 C-X-C chemokine receptor type 4
ECM Extracellular matrix
EGCG Epigallocatechin gallate
EGFR Epidermal growth factor receptor
EMT Epithelial-mesenchymal transition
ERK Extracellular signal-regulated kinase
GM-CSF Granulocyte macrophage colony stimulatory factor
HyO, Hydrogen peroxide
HB-EGF Heparin-binding epidermal-like growth factor
HIF-1o Hypoxia-inducible factor-1oc
IL-Toe Interleukin 1 alpha
IL-6 Interleukin 6
JNK c-Jun NH2-terminal kinase
kDa Kilodalton
LN Lymph node

MAPK Mitogen-activated protein kinase
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MMPs Matrix metalloproteases
MT-MMP Membrane-type matrix metalloprotease
NEP Neutral endopeptidase
NF-«B Nuclear factor-kappa B
Op— Superoxide anion
OH groups Hydroxyl group
OH. Hydroxyl radical
PAR-1 Protease activator receptor 1
PDGF Platelet-derived growth factor
RGP Radial growth phase
ROS Reactive oxygen species
SCC Squamous cell carcinoma
SDEF-1 Stromal cell-derived factor 1
TAMs Tumor-associated macrophages
TCF T-cell transcription factor
TGF-f3 Transforming growth factor-beta
TIMP Tissue inhibitors of matrix metalloprotease
TNF-« Tumor necrosis factor alpha
uv Ultraviolet
VEGF Vascular endothelial growth factor
VGP Vertical growth phase
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