
 
 

UNIVERSITI PUTRA MALAYSIA 
 

 
EFFECTS OF SYNTHETIC 2, 4, 6-TRIHYDROXY-3-

GERANYLACETOPHENONE 
UPON TNF-α-INDUCED EPITHELIAL DYSFUNCTION 

 

 
 
 

   
 
 
 
 
 

TEE YEE SIM 
 
 
 
 
 
 
 
 
 
 
  

                    
     

                                                 FPSK(M) 2016 81 
 

  
 
 

   



© C
OPYRIG

HT U
PMEFFECTS OF SYNTHETIC 2, 4, 6-TRIHYDROXY-3-GERANYLACETOPHENONE 

UPON TNF-α-INDUCED EPITHELIAL DYSFUNCTION 

By 

TEE YEE SIM 

Thesis Submitted to the School of Graduate Studies, Universiti Putra Malaysia, in 

Fulfilment of the Requirements for the Degree of Master of Science 

February 2016



© C
OPYRIG

HT U
PM

 

 

All material contained within the thesis, including without limitation text, logos, icons, 

photographs and all other artwork, is copyright material of Universiti Putra Malaysia 

unless otherwise stated. Use may be made of any material contained within the thesis 

for non-commercial purposes from the copyright holder. Commercial use of material 

may only be made with the express, prior, written permission of Universiti Putra 

Malaysia. 

 

Copyright © Universiti Putra Malaysia 

 

 

 

 

  



© C
OPYRIG

HT U
PM

i 
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UPON TNF-α-INDUCED EPITHELIAL DYSFUNCTION 

By 

TEE YEE SIM 

February 2016 

Chairman: Professor Daud Ahmad Israf Ali, PhD 

Faculty: Medicine and Health Sciences 

Asthma is characterized by activation of Th-2 (T-helper-2)-type T-cell, and patients 

clinically presented with breathlessness, wheezing, cough, and chest tightness. Current 

treatments for asthma is just symptomatic relieve during acute exacerbation and 

prevent from attacks using controllers. All this treatment is not actually treating the 

new pathogenesis of this disease which is targeting the airway epithelium barrier. 

Studies shown 5-10% of asthma patient does not have any responds towards usual 

corticosteroid treatment, therefore there is a need to develop a new drug which can 

work on the actual pathogenesis of asthma. Airway epithelium plays a critical role in 

inflammatory reactions by acting as a barrier to external environment, producing 

chemokines and expressing cell-surface adhesion molecules for recruitment of effector 

cells. Preliminary studies show that 2,4,6–trihydroxy–3– geranylacetophenone (tHGA) 

inhibits the synthesis of cysteinyl leukotrienes in activated macrophages via inhibition 

of 5-lipoxygenase (5-LO) enzymatic activity. This study aimed to determine inhibitory 

effect of tHGA on adhesion molecule, epithelium hyperpermeability, tight junction 

barrier and pro-inflammatory signaling pathways that are involved. A549 cell was 

induced with tumor necrosis factor alpha (TNF-α) 10ng/mL and co-treated with 

different concentration of tHGA (50μM, 12μM, 3μM) and Dexamethsone 10 μM act as 

drug control group. Epithelium hyperpermeability was measured by fluorescein 

isothiocyanate–dextran (FITC-Dextran) permeability assay and trans-epithelial 

electrical resistance (TEER). Adhesion assay and transepithelium migration assay was 

performed by using A549 cells and U937 cells. Enzyme-linked immunosorbent assay 

(ELISA) was used to determine soluble intercellular adhesion molecule-1 (sICAM-1) 

level and monocyte chemoattractant protein-1 (MCP-1) levels. Membrane expression 

of tight junction complexes proteins (Zonula occluden 1, occludin, and E-cadherin) was 

investigated under immunofluorescence, gene expression and protein expression 

studies. Phosphorylation of mitogen-activated protein kinases (MAPK) and nuclear 

factor kappa-light-chain-enhancer of activated B cells (NFκB) pathway was studied. 

The data obtained concluded that 50 μM tHGA had 32.10 ± 8.03% significantly 

suppressed leukocytes moving across epithelium. tHGA had reduced adhesion 
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molecule expression by 43.45 ± 0.16%, therefore inhibit adhesion of monocytes to 

tumor necrosis factor TNF-α induced epithelium (43 ± 5.77%) and reduce 

transepithelium migration. tHGA is able to increase TEER, reduce epithelium 

hyperpermeability by 41± 6.35%. tHGA enhance airway barrier integrity through re-

distribution of TJ proteins (ZO-1, occludin) and AJ protein (E-cadherin) and NF-κB 

pathway and MAPK pathway be could involved in this process. 
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Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia sebagai 

memenuhi keperluan untuk Ijazah Master Sains 

KESAN SINTETIK  2, 4, 6-TRIHYDROXY-3-GERANYLACETOPHENONE 

TERHADAP TNF-α-STIMULASI EPITHELIAL DISFUNGSI 

Oleh 

TEE YEE SIM 

Februari 2016 

Pengerusi: Professor Daud Ahmad Israf Ali, PhD 

Fakulti: Perubatan dan Sains Kesihatan 

Asma dicirikan oleh pengaktifan Th-2 (T-pembantu-2) -type T-sel, dan pesakit secara 

klinikal akan menghadapi sesak nafas, berdehit, batuk, dan sesak dada. Rawatan untuk 

pesakit asma hanya melegakan gejala semasa kepahitan akut dan mengelakkan 

daripada serangan dengan menggunakan ubat pengawal. Semua rawatan ini tidak 

benar-benar merawat patogenesis baru penyakit ini yang memfokuskan saluran udara 

epitelium. Kajian membuktikan 5-10% daripada pesakit asma tidak mempunyai 

sebarang kesan terhadap rawatan ubat kortikosteroid. Oleh itu, suatu ubat yang baru 

perlu dikaji dan targetkan patogenesis sebenar asma. Epitelium salur udara memainkan 

peranan kritikal dalam tindak balas keradangan, dengan bertindak sebagai satu 

halangan kepada persekitaran luaran, menghasilkan chemokines dan mengekspresikan 

molekul-mokelul pelekatan permukaan sel untuk pengambilan sel efektor. Kajian awal 

menunjukkan bahawa 2,4,6-trihydroxy-3- geranylacetophenone (tHGA) menghalang 

sintesis cysteinyl leukotrienes di makrofaj yang diaftikkan melalui perencatan aktiviti 

enzim 5-lipoxygenase (5-LO). Kajian ini bertujuan mengenalpasti kesan tHGA di 

molekul pelekatan, epitelium hyperpermeability,  simpang dekat dan laluan pro-

inflamasi, yang terlibat. Sel A549 telah distimulasi dengan tumor necrosis factor alpha 

(TNF-α) 10ng/mL dan dikulturkan bersama dengan kepekatan berbeza tHGA (50μM, 

12μM, 3μM) dan Dexamethsone 10 μM berfungi sebagai kumpulan kawalan dadah. 

Epitelium hyperpermeability telah disukat oleh fluorescein isothiocyanate–dextran 

(FITC Dextran) kebolehtelapan assay dan transepitelium electrical resistance (TEER). 

Assay pelekat dan transepithelium penghijrahan assay dikaji dengan menggunakan sel-

sel A549 dan sel-sel U937. Enzyme-linked immunosorbent assay (ELISA) telah 

digunakan untuk menentukan tahap larut lekatan intercellular molekul - 1 (sICAM-1) 

dan monosit chemoattractant protein-1 (MCP-1). Kompleks persimpangan ketat protein 

(Zonula occluden 1, occludin, dan E-cadherin) telah disiasat dengan 

immunofluorescence, ekspresi gen dan ekspresi protein. Pemfosforilan laluan mitogen-

activated protein kinases (MAPK)  dan nuclear factor kappa-light-chain-enhancer of 

activated B cells (NFκB) dikaji. Data yang diperolehi, kesimpulannya  50 μM tHGA 

telah menghalangkan leukosit menyeberang epithelium sebanyak 32.10 ± 8.03%. 

tHGA telah mengurangkan molekul pelekatan pada 43.45 ± 0.16%, dengan itu 
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menghalang pelekatan monosit pada TNF-α stimulasi epithelium (43 ± 5.77%) dan 

mengurangkan penghijrahan transepithelium. tHGA mampu meningkatkan TEER, 

mengurangkan epitelium hyperpermeability sebanyak 41± 6.35%. tHGA meningkatkan 

integriti saluran udara melalui pengagihan semula protein TJ (ZO-1, occludin) dan AJ 

protein (E-cadherin) dan NF-κB laluan dan MAPK laluan terlibat dalam proses ini. 
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CHAPTER 1 

INTRODUCTION 

1.1 Background of study 

Asthma is an inflammatory airway disease that affects 300 million people worldwide. 

In Malaysia, asthma has been ranked as third main chronic disease by the Third 

National Health and Morbidity Survey (NHMS III) 2006. Asthma prevalence for 

Malaysians aged 18 years and above over duration of 12 months was 4.5%; more than 

50% of adult asthmatics seek medical attention due to acute exacerbation. The airway 

epithelium is a barrier between tissues of the airways and the external environment. 

Proteins and receptors in tight junctions (TJ) such as zonula occludens (ZO) 1-3, 

claudin 1-5, occludin, and trans-membrane adhesion proteins (E-cadherin, catenin and 

junctional adhesion molecule) regulate intercellular rephrases and interact with 

adjacent cells (Holgate 2008). Tight junctions, adherens junctions, desmosomes and 

hemidesmosomes form an epithelium junctional complex that functions as a unit. 

Studies shown that the airway epithelium was disrupted in asthma and involves 

detached columnar ciliated cells, interference of the junction molecule E-cadherin at 

sites of epithelial detachment, and the increase in permeability to allergens, and 

presence of epithelial aggregates in sputum (Holgate 2008).  

2,4,6 – trihydroxy – 3 – geranyl acetophenone (tHGA) was previously isolated from 

Melicope ptelefolia and subsequently a synthetic form was demonstrated to be effective 

in aberration of pulmonary inflammation (Ismail et al., 2012). Furthermore, Shaari et 

al., 2011, proved that tHGA inhibits the synthesis of cysLTs in activated macrophages 

via inhibition of 5-lipoxygenase (5-LO) enzymatic activity.  

1.2  Problem statement 

Asthma is a multi-factorial disease which is associated with genetic, allergic, infections, 

environment and emotional aspects. Asthma causes many deaths yearly and expensive 

hospitalization and medical bills that had been a burden to underdeveloped countries. 

Currently, treatments for asthma are just symptomatic relieve during acute exacerbation 

and no treatment is actually available to cure the actual pathogenesis of this disease. 

Furthermore, studies have shown that 5-10% of asthma patients do not respond to usual 

corticosteroid treatment; therefore there is a need to develop new drugs which aim to 

cure asthma. 

Epithelial tight junctions act as physical barrier between the external environment and 

the internal tissues. In asthmatic patients, they presented with TJ disruptions even 

without exogenous stimuli. Subepithelial collagen deposition and thickening of the 

lamina reticularis were ways of healing responses within the airways in barrier 

dysfunction and act as the protective barrier in the absence of a functional epithelium in 
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asthma. Airways play a fundamental role in the initiation of innate immunity. Activated 

epithelial cells will release cytokines and chemokines on stimulation due to expression 

of pattern-recognition receptors like Toll-like receptors (TLRs). When there is a 

disruption of the TJ integrity, external antigens will penetrate the TJ causing activations 

of DCs and innate immunity. These processes caused amplified recruitment of effector 

cells, and further diminish of barrier function, thus breakdown of barrier homeostasis 

(Swindle et al., 2009). 

Shaari 2006 had proven anti-inflammatory properties of Melicope ptelefolia resulted in 

the identification of 2,4,6-trihydroxy-3-geranylacetophenone (tHGA), a drug-like 

compound containing the phloroglucinol as bioactive structural-core. Originally, this 

compound was found to have a dose-dependent effect towards inhibition of soybean 

15-LOX. Subsequently, this compound exerts a dose-dependent inhibition of cysteinyl 

leukotriene secretion from activated macrophage cells. Further studies were carried out 

on both the chemistry and pharmacology of tHGA revealed that tHGA inhibited 5-

lipoxygenase (5-LOX) and both cyclooxygenase (COX) isoforms. tHGA was as 

effective as Zileuton, a commercial LOX inhibitor in an acute model of murine asthma. 

To date, tHGA is able to reduce pulmonary cellular infiltration, control airway 

hyperresponsiveness towards methacholine challenge, reduce goblet cell metaplasia, 

decrease cytokine (IL-4, IL-5, IL-13) and cysteinyl leukotriene secretion and systemic 

IgE concentrations. However, the study of tHGA properties on restoration of 

epithelium barrier integrity has not yet been done. Therefore, it is important to 

highlight the potential of tHGA on the epithelial tight junction restoration. Furthermore, 

in future many asthma patients can have the maximal beneficial of a non steroidal drug 

which can reverse and prevent the asthma disease from deteriorating, and further save 

up millions of expensive medical expenses.  

1.3  Objectives 

1.3.1 General Objective 

The objective of the study was to determine the effect of tHGA upon TNF- α induced 

in-vitro model of airway epithelium dysfunction which mainly focus on the restoration 

of disrupted tight junctions properties.  

1.3.2  Specific Objectives 

i. To determine the effects of tHGA on extracellular secretion and intracellular

genes and protein expression of cell adhesion molecules, epithelium hyper

permeability and chemokine synthesis in TNF-α induced A549 cells.

ii. To determine the effects of tHGA on epithelium cells – leukocytes interaction on

adhesion and migration.

iii. To determine the effects of tHGA upon dysregulated junctional protein

expression.

iv. To determine the effects of tHGA upon major epithelial tight junctions pathways

mainly NF-κB and MAPK pathways which regulate tight junctions proteins

expression.
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1.4  Hypothesis 

tHGA will be able to reduce the recruitment and migration of leukocytes, reduce 

adhesion molecule expression and enhances TJ barrier integrity. tHGA exerts an effect 

on NF-κB and MAPK pathways. 



© C
OPYRIG

HT U
PM

53 

REFERENCES 

Abas, F., Lajis, N. H., Israf, D. A., Khozirah, S., & Kalsom, Y. U. (2006). Antioxidant 

and nitric oxide inhibition activities of selected Malay traditional vegetables. Food 

Chemistry, 95(4), 566-573. 

Adson, A., Raub, T. J., Burton, P. S., Barsuhn, C. L., Hilgers, A. R., Ho, N. F., & 

Audus, K. L. (1994). Quantitative approaches to delineate paracellular diffusion in 

cultured epithelial cell monolayers. Journal of Pharmaceutical Sciences, 83(11), 

1529-1536. 

Amishima, M., Munakata, M., Nasuhara, Y., Sato, A., Takahashi, T., Homma, Y., & 

Kawakami, Y. (1998). Expression of epidermal growth factor and epidermal 

growth factor receptor immunoreactivity in the asthmatic human airway. American 

Journal of Respiratory and Critical Care Medicine, 157(6), 1907-1912. 

Angelow, S., Ahlstrom, R., & Alan, S. L. (2008). Biology of claudins. American 

Journal of Physiology-Renal Physiology, 295(4), F867-F876. 

Arcangeli, M. L., Frontera, V., Bardin, F., Thomassin, J., Chetaille, B., Adams, S., ... & 

Aurrand-Lions, M. (2012). The Junctional Adhesion Molecule-B regulates JAM-

C-dependent melanoma cell metastasis. Federation of European Biochemical 

Societies Letters, 586(22), 4046-4051. 

Balda, M. S., Whitney, J. A., Flores, C., González, S., Cereijido, M., & Matter, K. 

(1996). Functional dissociation of paracellular permeability and transepithelial 

electrical resistance and disruption of the apical-basolateral intramembrane 

diffusion barrier by expression of a mutant tight junction membrane protein. The 

Journal of Cell Biology, 134(4), 1031-1049. 

Balda, M. S., & Matter, K. (2008). Tight junctions at a glance. Journal of Cell Science, 

121(22), 3677-3682. 

Balhara, J., & Gounni, A. S. (2012). The alveolar macrophages in asthma: a double-

edged sword. Mucosal Immunology, 5(6), 605-609. 

Barber, R. D., Harmer, D. W., Coleman, R. A., & Clark, B. J. (2005). GAPDH as a 

housekeeping gene: analysis of GAPDH mRNA expression in a panel of 72 

human tissues. Physiological Genomics, 21(3), 389-395. 

Barnes, P. J. (1996). Pathophysiology of asthma. British Journal of Clinical 

Pharmacology, 42(1), 3-10. 

Barnes, P. J. (2008). Drugs for airway disease. Medicine, 36(4), 181-190. 

Beltrao, P., Bork, P., Krogan, N. J., & van Noort, V. (2013). Evolution and functional 

cross‐ talk of protein post‐ translational modifications. Molecular Systems 

Biology, 9(1), 714. 



© C
OPYRIG

HT U
PM

54 

 

Bergeron, C., Tulic, M. K., & Hamid, Q. (2010). Airway remodelling in asthma: from 

benchside to clinical practice. Canadian Respiratory Journal: Journal of the 

Canadian Thoracic Society, 17(4), e85. 

 

Bonizzi, G., & Karin, M. (2004). The two NF-κB activation pathways and their role in 

innate and adaptive immunity. Trends in Immunology, 25(6), 280-288. 

 

Bousquet J., Yssel H, & Vignola, A.M. (2000). Is allergic asthma associated with 

delayed fetal maturation or the persistence of conserved fetal genes? Allergy 

55:1194-7. 

 

Bradding, P., Walls, A. F., & Holgate, S. T. (2006). The role of the mast cell in the 

pathophysiology of asthma. Journal of Allergy and Clinical Immunology, 117(6), 

1277-1284. 

 

Broide, D. H., Humber, D., & Sriramarao, P. (1998). Inhibition of eosinophil rolling 

and recruitment in P-selectin–and intracellular adhesion molecule-1–deficient mice. 

Blood, 91(8), 2847-2856. 

 

Bustin, S. A., Benes, V., Garson, J. A., Hellemans, J., Huggett, J., Kubista, M., & 

Vandesompele, J. (2009). The MIQE guidelines: minimum information for 

publication of quantitative real-time PCR experiments. Clinical Chemistry, 55(4), 

611-622. 

 

Cruse, G., Kaur, D., Yang, W., Duffy, S. M., Brightling, C. E., & Bradding, P. (2005). 

Activation of human lung mast cells by monomeric immunoglobulin E. European 

Respiratory Journal, 25(5), 858-863. 

 

Djukanović, R., Wilson, J. W., Britten, K. M., Wilson, S. J., Walls, A. F., Roche, W. 

R., ... & Holgate, S. T. (1992). Effect of an inhaled corticosteroid on airway 

inflammation and symptoms in asthma. American Review of Respiratory Disease, 

145(3), 669-674.  

 

Farquhar, M. G., & Palade, G. E. (1963). Junctional complexes in various epithelia. 

The Journal of Cell Biology, 17(2), 375-412. 

 

Funke, L., Dakoji, S., & Bredt, D. S. (2005). Membrane-associated guanylate kinases 

regulate adhesion and plasticity at cell junctions. Annual Review of Biochemistry, 

74, 219-245. 

 

Gadamasetti, K., Braish, T., 2007. Process Chemistry in the Pharmaceutical Industry, 

Volume 2. CRC Press, pp. 142–145. 

 

Ghio, A. J., Dailey, L. A., Soukup, J. M., Stonehuerner, J., Richards, J. H., & Devlin, R. 

B. (2013). Growth of human bronchial epithelial cells at an air-liquid interface 

alters the response to particle exposure. Particle and Fibre Toxicology, 10(1), 25. 

 

Ghosh, S., & Karin, M. (2002). Missing pieces in the NF-κB puzzle. Cell, 109(2), S81-

S96. 

 



© C
OPYRIG

HT U
PM

55 

 

Global strategy for asthma management and Prevention (2011): Global Initiative for 

Asthma (GINA).  

 

González-Mariscal, L., Tapia, R., & Chamorro, D. (2008). Crosstalk of tight junction      

components with signaling pathways. Biochimica et Biophysica Acta (BBA)-

Biomembranes, 1778(3), 729-756.  

 

Goto, T., Ishizaka, A., Kobayashi, F., Kohno, M., Sawafuji, M., Tasaka, S., & 

Kobayashi, K. (2004). Importance of tumor necrosis factor-α cleavage process in 

post-transplantation lung injury in rats. American Journal of Respiratory and 

Critical Care Medicine, 170(11), 1239-1246. 

 

Han, Z., Boyle, D. L., Chang, L., Bennett, B., Karin, M., Yang, L., & Firestein, G. S. 

(2001). c-Jun N-terminal kinase is required for metalloproteinase expression and 

joint destruction in inflammatory arthritis. Journal of Clinical Investigation, 

108(1), 73-81. 

 

Hardyman, M. A., Wilkinson, E., Martin, E., Jayasekera, N. P., Blume, C., Swindle, E. 

J., ... & Collins, J. E. (2013). TNF-α–mediated bronchial barrier disruption and 

regulation by src-family kinase activation. Journal of Allergy and Clinical 

Immunology, 132(3), 665-675. 

 

Hartley, T. (1994). The genus Melicope (Rutaceae) in Borneo Sandakan. 

Sandakanian,4, 47–74. 

 

Haughney, J., Price, D., Kaplan, A., Chrystyn, H., Horne, R., May, N., & Bjermer, L. 

(2008). Achieving asthma control in practice: understanding the reasons for poor 

control. Respiratory Medicine, 102(12), 1681-1693. 

 

Heijink, I. H., Brandenburg, S. M., Noordhoek, J. A., Postma, D. S., Slebos, D. J., & 

van Oosterhout, A. J. (2010). Characterisation of cell adhesion in airway epithelial 

cell types using electric cell–substrate impedance sensing. European Respiratory 

Journal, 35(4), 894-903.  

 

Ho, P. Y., Zhong, W. B., Ho, Y. S., & Lee, W. S. (2006). Terbinafine inhibits 

endothelial cell migration through suppression of the Rho-mediated pathway. 

Molecular Cancer Therapeutics, 5(12), 3130-3138. 

Holgate, S., Arshad, H., Roberts, G., Howarth, P., Thurner, P., & Davies, D. (2010). A 

new look at the pathogenesis of asthma. Clinical Science, 118, 439-450.  

Holgate, S., Bisgaard, H., Bjermer, L., Haahtela, T., Haughney, J., Horne, R., & Wahn, 

U. (2008). The Brussels Declaration: the need for change in asthma management. 

European Respiratory Journal, 32(6), 1433-1442. 

 

Holgate, S. T. (2008). The airway epithelium is central to the pathogenesis of asthma. 

Allergology International Journal,57(1), 1-10. 

Holgate, S. T. (2009). Novel targets of therapy in asthma. Current Opinion in 

Pulmonary Medicine, 15(1), 63-71. 



© C
OPYRIG

HT U
PM

56 

 

Holgate, S. T. (2012). Innate and adaptive immune responses in asthma. Nature 

Medicine, 18(5), 673-683. 

 

Huang, W. C., Chen, J. J., & Chen, C. C. (2003). c-Src-dependent tyrosine 

phosphorylation of IKKβ is involved in tumor necrosis factor-α-induced 

intercellular adhesion molecule-1 expression. Journal of Biological Chemistry, 

278(11), 9944-9952. 

 

Illi, S., von Mutius, E., Lau, S., Niggemann, B., Grüber, C., & Wahn, U. (2006). 

Perennial allergen sensitisation early in life and chronic asthma in children: a birth 

cohort study. The Lancet, 368(9537), 763-770. 

 

Ip, W. K., Wong, C. K., & Lam, C. W. K. (2006). Interleukin (IL)‐ 4 and IL‐ 13 

up‐ regulate monocyte chemoattractant protein‐ 1 expression in human bronchial 

epithelial cells: involvement of p38 mitogen‐ activated protein kinase, 

extracellular signal‐ regulated kinase 1/2 and Janus kinase‐ 2 but not c‐ Jun 

NH2‐ terminal kinase 1/2 signalling pathways. Clinical and Experimental 

Immunology, 145(1), 162-172.  

Ismail, N., Jambari, N. N., Zareen, S., Akhtar, M. N., Shaari, K., Zamri-Saad, M., & 

Israf, D. A. (2012). A geranyl acetophenone targeting cysteinyl leukotriene 

synthesis prevents allergic airway inflammation in ovalbumin-sensitized mice. 

Toxicology and Applied Pharmacology, 259(2), 257-262. 

 

Johnson, A. J., Kumar, A., Rasheed, S. A., Chandrika, S. P., Chandrasekhar, A., Baby, 

S., & Subramoniam, A. (2010). Antipyretic, analgesic, anti-inflammatory and 

antioxidant activities of two major chromenes from Melicope lunu-ankenda. 

Journal of Ethnopharmacology, 130(2), 267-271. 

 

Johnson, G. L., & Lapadat, R. (2002). Mitogen-activated protein kinase pathways 

mediated by ERK, JNK, and p38 protein kinases. Science, 298(5600), 1911-1912. 

 

Kassim, N. K., Rahmani, M., Ismail, A., Sukari, M. A., Ee, G. C. L., Nasir, N. M., & 

Awang, K. (2013). Antioxidant activity-guided separation of coumarins and lignan 

from Melicope glabra (Rutaceae). Food Chemistry, 139(1), 87-92. 

 

Knipp, G. T., Ho, N. F., Barsuhn, C. L., & Borchardt, R. T. (1997). Paracellular 

diffusion in Caco‐ 2 cell monolayers: Effect of perturbation on the transport of 

hydrophilic compounds that vary in charge and size. Journal of Pharmaceutical 

Sciences, 86(10), 1105-1110. 

 

Komala, I., Rahmani, M., Sukari, M. A., Mohd Ismail, H. B., Cheng Lian, G. E., & 

Rahmat, A. (2006). Furoquinoline alkaloids from Melicope bonwickii (F. Muell.) 

T. Hartley. Natural Product Research, 20(04), 355-360. 

 

Krakauer, T. (2000). Pentoxifylline inhibits ICAM-1 expression and chemokine 

production induced by proinflammatory cytokines in human pulmonary epithelial 

cells. Immunopharmacology, 46(3), 253-261. 

 



© C
OPYRIG

HT U
PM

57 

 

Krimmer, D. I., Loseli, M., Hughes, J. M., Oliver, B. G. G., Moir, L. M., Hunt, N. H., 

& Burgess, J. K. (2009). CD40 and OX40 ligand are differentially regulated on 

asthmatic airway smooth muscle. Allergy, 64(7), 1074-1082. 

Kyriakis, J. M., Banerjee, P., Nikolakaki, E., Dai, T., Rubie, E. A., Ahmad, M. F., & 

Woodgett, J. R. (1994). The stress-activated protein kinase subfamily of c-Jun 

kinases. Nature, 369(6476), 156-160. 

 

Latip, J., Hartley, T. G., & Waterman, P. G. (1999). Lignans and coumarins 

metabolites from Melicopehayesii. Phytochemistry, 51(1), 107-110. 

 

Lee, J. C., Laydon, J. T., McDonnell, P. C., Gallagher, T. F., Kumar, S., Green, D., & 

Keys, J. R. (1994). A protein kinase involved in the regulation of inflammatory 

cytokine biosynthesis. Nature 372, 739 – 746. 

 

Li, J. M., Fan, L. M., Christie, M. R., & Shah, A. M. (2005). Acute tumor necrosis 

factor alpha signaling via NADPH oxidase in microvascular endothelial cells: role 

of p47phox phosphorylation and binding to TRAF4. Molecular and Cellular 

Biology, 25(6), 2320-2330.  

 

Lim, S., Jatakanon, A., Meah, S., Oates, T., Chung, K. F., & Barnes, P. J. (2000). 

Relationship between exhaled nitric oxide and mucosal eosinophilic inflammation 

in mild to moderately severe asthma. Thorax, 55(3), 184-188. 

 

Lu, T. X., Hartner, J., Lim, E. J., Fabry, V., Mingler, M. K., Cole, E. T., & Rothenberg, 

M. E. (2011). MicroRNA-21 limits in vivo immune response-mediated activation 

of the IL-12/IFN-γ pathway, Th1 polarization, and the severity of delayed-type 

hypersensitivity. The Journal of Immunology, 187(6), 3362-3373. 

 

Ma, T. Y., Iwamoto, G. K., Hoa, N. T., Akotia, V., Pedram, A., Boivin, M. A., & Said, 

H. M. (2004). TNF-α-induced increase in intestinal epithelial tight junction 

permeability requires NF-κB activation. American Journal of Physiology-

Gastrointestinal and Liver Physiology, 286(3), G367-G376. 

 

Mankertz, J., & Schulzke, J. D. (2007). Altered permeability in inflammatory bowel 

disease: pathophysiology and clinical implications. Current Opinion in 

Gastroenterology, 23(4), 379-383. 

 

Matricardi, P.M., Illi, S., Gruber, C., Keil, T., Nickel, R., Wahn, U., & Lau, S. (2008). 

Wheezing in childhood: incidence, longitudinal patterns and factors predicting 

persistence. European Respiratory Journal 32:585–592. 

 

McCarthy, K. M., Francis, S. A., McCormack, J. M., Lai, J., Rogers, R. A., Skare, I. B., 

& Schneeberger, E. E. (2000). Inducible expression of claudin-1-myc but not 

occludin-VSV-G results in aberrant tight junction strand formation in MDCK cells. 

Journal of Cell Science, 113(19), 3387-3398 

 

McCarthy, K. M., Skare, I. B., Stankewich, M. C., Furuse, M., Tsukita, S., Rogers, R. 

A., & Schneeberger, E. E. (1996). Occludin is a functional component of the tight 

junction. Journal of Cell Science, 109(9), 2287-2298. 

 



© C
OPYRIG

HT U
PM

58 

 

Mills, P. R., Davies, R. J., & Devalia, J. L. (1999). Airway epithelial cells, cytokines, 

and pollutants. American Journal of Respiratory and Critical Care Medicine, 

160(supplement_1), S38-S43. 

Mukhopadhyay, S., Hoidal, J. R., & Mukherjee, T. K. (2006). Role of TNF alpha in 

pulmonary pathophysiology. Respiratory Research Journal, 7(1), 125.  

 

Mura, S., Hillaireau, H., Nicolas, J., Kerdine-Römer, S., Le Droumaguet, B., 
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