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Abstract of thesis presented to the Senate of Universiti Putra Malaysia in fulfilment

of the requirement for the degree of Doctor of Philosophy

CURCUMIN ENCAPSULATED CHITOSAN NANOPARTICLES AS 
ANTIVIRAL THERAPY AGAINST FELINE INFECTIOUS PERITONITIS

By

NG SHING WEI

May 2018

Chairman : Professor Abdul Rahman Omar, PhD
Faculty : Institute of Bioscience

Feline infectious peritonitis (FIP) is a fatal immune-mediated disease caused by 

coronavirus known as feline infectious peritonitis virus (FIPV). The occurrence of FIP 

is greatly affecting cat populations worldwide especially kittens and 

immunocompromised cats. To date, there is no effective vaccine or antiviral treatment 

against this deadly disease. Curcumin is a natural polyphenol compound extracted 

from Curcuma longa, which is renowned for its wide spectrum of biological and 

pharmacological activities in profound diseases and disorders. However, poor 

bioavailability of curcumin has limited its own potential as an effective therapeutic 

agent. The oral bioavailability can be enhanced with polymeric nanoparticles as a

delivery system for curcumin. The main objective of this study was to evaluate the 

therapeutic effects of synthesized chitosan-based curcumin nanoparticles for FIP in 
vitro and in vivo. Curcumin encapsulated chitosan (Cur-CS) nanoparticles were 

prepared via ionic-gelation method and the physicochemical properties of 
nanoparticles were characterized. The Cur-CS nanoparticles were found in size 

approximately 330 nm with positive surface charges of 42.1 ± 3.0 mV. A sustained 

release of curcumin for 24 hours was observed. Moreover, enhanced cellular uptake 

of curcumin was observed in cells treated with Cur-CS nanoparticles compared to 

curcumin. The nanoparticles were stored at 4ºC for up to one month without changes

in physical properties. The cell cytotoxicity, antiviral and anti-inflammatory activities 

of curcumin and Cur-CS nanoparticles were evaluated in Crandell Reese feline kidney 

(CrFK) cells. Cur-CS nanoparticles showed reduced cytotoxicity compared to 

curcumin. The viral inhibitory effects of Cur-CS nanoparticles were significantly 

greater than curcumin in FIPV-infected cells where increased cellular protection 

percentage in co-inoculation treatment and significant reduction in viral copy number 

were detected. Cur-CS nanoparticles also exhibited enhanced anti-inflammatory 

activities compared to curcumin in virus-infected cells. Pharmacokinetic study and 

clinicopathologic evaluation of curcumin and Cur-CS nanoparticles were determined 

in clinically healthy cats. The oral bioavailability of curcumin was improved when 

delivered via chitosan nanoparticles where higher plasma curcumin concentrations 
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were noted in cats administered with Cur-CS nanoparticles, with a relative 

bioavailability of 301% compared to curcumin. Furthermore, the clinicopathologic 

evaluation results indicated no significant toxicological effect in body weights, 

urinalysis, haematology and serum biochemistry parameters in cats administered with 

100 mg/kg of chitosan nanoparticles, 100 mg/kg of curcumin and 100 mg/kg of Cur-

CS nanoparticles, either once daily or twice daily, for 28 days. The antiviral and anti-

inflammatory effects of Cur-CS nanoparticles were further evaluated in FIP diagnosed 

cats. A total of 22 cats that fulfilled the criteria were recruited, however, only nine cats 

were sustained for data analysis. Out of the nine cats, two cats were successfully 

completed the 28 days clinical study and returned to the owners. The efficacy of Cur-

CS nanoparticles was studied upon comparison among before and after treatments. 

The viral inhibitory effect of Cur-CS nanoparticle was evidenced by the reduced viral 

titre in macrophages in ascites. In addition, combination treatment of prednisolone and 

Cur-CS nanoparticles showed enhanced anti-inflammatory effects in FIP diagnosed 

cats compared to prednisolone and Cur-CS nanoparticles alone. However, the results 

also showed there were no significant effects of Cur-CS nanoparticles on survival time, 

the quality of life or any clinical or laboratory parameter in cats diagnosed with FIP.  

In conclusion, Cur-CS nanoparticles showed antiviral and anti-inflammatory effects in 

FIPV infection and further investigation will be necessary to scrutinize the possibility 

of a combination of curcumin and other agents as an effective FIP treatment. 

Keywords: Feline infectious peritonitis, curcumin, curcumin encapsulated chitosan

nanoparticles, antiviral, anti-inflammatory
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Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia sebagai 

memenuhi keperluan untuk ijazah Doktor Falsafah

NANOPARTIKEL KITOSAN BERKANDUNG KURKUMIN SEBAGAI 
TERAPI ANTIVIRUS UNTUK PERITONITIS BERJANGKIT FELIN

Oleh

NG SHING WEI

Mei 2018

Pengerusi : Profesor Abdul Rahman Omar, PhD
Fakulti : Institut Biosains

Peritonitis berjangkit felin (FIP) merupakan salah satu penyakit maut akibat tindak 

balas sistem imun yang disebabkan oleh coronavirus, iaitu virus peritonitis berjangkit 

felin (FIPV). Kemunculan FIP amat mempengaruhi populasi kucing di seluruh dunia 

terutamanya anak kucing dan kucing imunokompromi. Sehingga kini, tiada vaksin

ataupun rawatan antivirus yang berkesan untuk mengawal penyakit maut ini. 

Kurkumin merupakan sebatian polifenol semulajadi yang diekstrak daripada Curcuma 
longa, terkenal dengan pelbagai aktiviti biologi dan farmakologi terhadap penyakit

yang berbeza. Walau bagaimanapun, kurkumin yang kekurangan bioavailabiliti telah 

menyekat potensinya sebagai agen terapeutik yang bermanfaat. Bioavailabiliti oral 

boleh dipertingkatkan dengan menggunakan nanopartikel polimer sebagai sistem 

penghantaran untuk kurkumin. Objektif utama kajian ini adalah untuk menilai kesan-

kesan terapeutik nanopartikel kurkumin berasaskan kitosan yang dihasilkan untuk

rawatan FIP dalam in vitro dan in vivo. Nanopartikel kitosan berkandung kurkumin 
(Cur-CS) dihasilkan melalui kaedah ionik-gelation dan sifat-sifat fizikokimia 

nanopartikel telah dicirikan. Nanopartikel Cur-CS didapati dalam saiz kira-kira 330 

nm dengan caj permukaan positif sebanyak 42.1 ± 3.0 mV. Pelepasan kurkumin yang 

terkawal dalam nanopartikel Cur-CS selama 24 jam telah diperhatikan. Selain itu, 

peningkatan dalam pengambilan kurkumin selular juga telah diperhatikan dalam sel 

yang inkubasi dengan nanopartikel Cur-CS berbanding dengan kurkumin sahaja.

Nanopartikel didapati bahawa boleh disimpan pada suhu 4ºC selama satu bulan tanpa 

perubahan pada sifat fizikalnya. Kajian ini diteruskan dengan perbandingan aktiviti 

sitotoksis sel, aktiviti antivirus dan anti-radang antara kurkumin dan nanopartikel Cur-

CS terhadap sel Crandell Resse feline kidney (CrFK). Nanopartikel Cur-CS 

menunjukkan kesan sitotosik yang lebih rendah berbanding dengan kurkumin terhadap 

sel CrFK. Selain itu, keputusan juga menunjukkan nanopartikel Cur-CS lebih 

berupaya untuk menghalang replikasi virus dalam sel CrFK jangkitan FIPV, di mana 

peningkatan dalam peratusan perlindungan selular dan pengurangan dalam bilangan 

salinan genom virus telah dicatatkan dalam sel jangkitan virus yang diinkubasi dengan 

nanopartikel Cur-CS. Nanopartikel Cur-CS juga mempamerkan aktiviti anti-radang
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yang lebih berkesan berbanding dengan kurkumin. Kajian farmakokinetik dan 

penilaian parameter klinikopatologi berdasarkan kesan kurkumin dan nanopartikel 

Cur-CS terhadap kucing sihat telah diljalankan. Peningkatan bioavailabiliti oral

kurkumin telah ditunjukkan apabila kurkumin dihantar melalui nanopartikel kitosan 

dimana kucing yang diberi nanopartikel Cur-CS menunjukkan kepekatan kurkumin

dalam plasma yang lebih tinggi dengan nilai bioavailabiliti relatif sebanyak 301% 

berbanding dengan kurkumin. Tambahan pula, keputusan penilaian klinikopatologi 

mendedahkan bahawa tiada kesan toksikologi yang ketara didapati di berat badan, 

urinalisis, hematologi dan parameter biokimia serum dalam kucing yang diberi 100

mg/kg kitosan nanopartikel, 100 mg/kg kurkumin dan 100 mg/kg nanopartikel Cur-

CS, sama ada sekali sehari atau dua kali sehari yang selama 28 hari. Penilaian aktiviti

antivirus dan anti-radang nanopartikel Cur-CS juga dijalankan secara lanjut dalam 

kucing yang menghidap FIP. Sebanyak 22 ekor kucing yang memenuhi kriteria telah 

dimasukkan untuk kajian ini. Namun demikan, hanya sembilan kucing dapat

diambilkira untuk analisis data. Daripada sembilan ekor kucing, dua ekor kucing telah

berjaya melengkapkan kajian klinikal yang selama 28 hari ini dan telah dikembalikan 

kepada pemiliknya. Perbandingan keberkesanan nanopartikel Cur-CS antara sebelum 

dan selepas rawatan telah dikajikan. Keupayaan nanopartikel Cur-CS untuk 

menghalang replikasi virus telah dibuktikan bahawa pengurangan bilangan salinan 

genom virus dicatatkan dalam makrofaj dari asites. Rawatan kombinasi yang terdiri 

daripada prednisolone dan nanopartikel Cur-CS menunjukkan kesan anti-radang yang 

lebih tinggi berbanding dengan kucing yang diberi prednisolone ataupun nanopartikel

Cur-CS sahaja. Walau bagaimanapun, keputusan kajian ini telah menunjukkan

ketidakberkesanan nanopartikel Cur-CS dalam perlanjutan masa hidup, memperbaiki 

kualiti hidup ataupun membawa perubahan dalam parameter klinilopatologi pada

kucing yang menghidap FIP. Kesimpulannya, nanopartikel Cur-CS menunjukkan 

keupayaan dalam aktiviti antivirus dan anti-radang terhadap jangkitan FIPV dan 

penyiasatan lanjutan amat diperlukan untuk meneliti potensi rawatan kombinasi antara 

kurkumin dan agen lain sebagai rawatan FIP yang berkesan.

Kata kunci: Peritonis berjangkit felin, kurkumin, nanopartikel chitosan berkandung

kurkumin, antivirus, anti-radang
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CHAPTER 1

INTRODUCTION

Feline infectious peritonitis (FIP) is a complex immune-mediated viral disease caused 

by feline infectious peritonitis virus (FIPV), a virulent biotype of feline coronavirus 

(FCoV). FCoV is classified under the same family with severe acute respiratory 

syndrome coronavirus (SARS-CoV), namely Coronaviridae. FIP is not only 

recognized in cat populations, but also in domestic ferret and wild felids (Stephenson 

et al., 2013; Garner et al., 2008). The seroprevalence study of FCoV revealed 90% of 

cats in catteries and 50% of single-cat households had been infected by FCoV, and 

among those FCoV-infected cats, approximately 5% developed FIP (Hartmann, 2005).

Clinical manifestation of FIP can be categorized into two forms; non-effusive form 

which frequently involved abnormalities in the ocular and central nervous system 

(CNS), and effusive form evident from the distended abdomen with yellow-tinged 

effusion (Pedersen, 2014a). A definite FIP diagnosis is made upon gross post-mortem 

examination and histopathology. Several organs including kidneys, intestine, spleen, 

liver, and CNS were affected during FIPV infection, lesions accompanied necrosis and 

pyogenic granulomatous inflammation was visible in the infected organs. In 

histopathology, localized infiltration of inflammatory cells associated with the

destruction of tissues structure was noted in the infected areas (Pedersen, 2009).

FIP shares common features with Dengue virus, where the virus infects immune cells 

facilitated by antibody-dependent enhancement, induced overwhelming immune 

responses and cytokine productions that highly engaged in the pathogenesis of the 

diseases. Macrophages and monocytes act as a major role in the pathogenesis of FIP.

Production of pro-inflammatory cytokines by infected macrophages or monocytes 

promote the humoral immunity where antibodies further enhance the uptake and 

replication of FIPV and eventually contribute to type III hypersensitivity reactions 
(Arthus hypersensitivity reactions) (Pedersen, 2014a). Most of the infected cats 

eventually succumbed to FIP due to the uncontrollable inflammatory responses. 

A large number of experimental and clinical studies have investigated the prospective 

treatment for FIP, but most were to no avail (Hartmann and Ritz, 2008). Nevertheless, 

studies in recent years have shown a few potential treatments for FIP. Legendre et al.

(2017) claimed polyprenyl immunostimulant significantly improved the survival time 

of FIP diagnosed cats, strictly for non-effusive form FIP. Another study proposed the 

use of 3CLpro inhibitors inhibited the replication FIPV, thus reversal progression of 

FIP was achievable. Promising results were demonstrated in vitro, in experimental cats 

and in FIP diagnosed cats, yet these treatments induced side effects to the cats and 

most of relapses cases were no longer responsive to the treatment (Pedersen et al., 

2017; Kim et al., 2016; Kim et al., 2015).
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Curcumin is a polyphenolic compound, derived from Curcuma longa, exhibits a broad

spectrum of biological and pharmacological activities such as anti-bacterial, anti-

angiogenic, anti-inflammatory and antiviral properties (Gupta et al., 2013).

Accumulated evidence has demonstrated the efficacy of curcumin against numerous 

prominent health ailments including rheumatoid arthritis, Alzheimer’s disease and 

human cancers (Goozee et al., 2016; Chandran and Goel, 2012; Maheshwari et al., 

2006). It is a solid fact that curcumin expressed high therapeutic value as evident from 

numbers of successful preclinical and clinical studies (Goozee et al., 2016; Hatcher et 

al., 2008). The benefits of curcumin not only extend to humans health but also in 

veterinary medicine and poultry industry (Rajput et al., 2013; Leray et al., 2011).

Albeit curcumin displays extraordinary biological activities which benefits humans 

and animals, poor absorption, rapid metabolism and rapid systemic clearance are the 

major factors curtails the bioavailability of curcumin (Liu et al., 2016). Countless

efforts had been made to improve the bioavailability of curcumin by incorporating 

different delivery methods and formulations together with nanoscales delivery system 

(Rachmawati, 2013; Anand et al., 2007). Numerous studies demonstrated curcumin 

encapsulated polymeric nanoparticles possessed enhanced cellular uptake, improved 

bioavailability, reduced cytotoxicity effects and prolonged release kinetic profiles 

(Khdair et al., 2016; Khalil et al., 2013; Gou et al., 2011).

Among the available polymeric nanoparticles, chitosan nanoparticles are one of the 

favourable oral delivery systems for curcumin due to its mucoadhesion property (Luo 

et al., 2015). Other than that, chitosan nanoparticles are biodegradable, biocompatible, 

exhibit better stability and can be easily prepared via simple methods. Several 

published papers reported the efficacy of chitosan nanoparticles in the delivery of poor 

bioavailability and hydrophobic drugs. Cyclosporin A (CsA), a highly lipophilic, 

poorly absorbable drug, which was encapsulated in chitosan nanoparticles resulted in 

higher relative bioavailability compared to other delivery systems (El-Shabouri, 2002).

Another study had shown curcumin bounded chitosan nanoparticles could serve as an

efficacious anti-malarial drug with enhanced chemical stability and oral bioavailability 

(Akhtar et al., 2012).

The bioavailability of curcumin can be improved with the use of chitosan nanoparticles

as a delivery agent while pertaining the antiviral properties, and this curcumin delivery 

system is potential to be an antiviral agent against FIPV infection. Hence, the main 

objective of this study is to evaluate the therapeutic effects of synthesized chitosan-

based curcumin nanoparticles against FIPV infection in vitro and in vivo.

The specific objectives were:

1. To synthesize and characterize the physicochemical properties of chitosan-based 

curcumin nanoparticles prepared via ionic-gelation technique

2. To determine the antiviral and anti-inflammatory activities of curcumin and 

curcumin encapsulated chitosan (Cur-CS) nanoparticles in FIPV-infected cells

3. To  determine the pharmacokinetic profile of curcumin and Cur-CS nanoparticles 

in healthy cats
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4. To evaluate the clinicopathologic parameters on the effects of chitosan 

nanoparticles, curcumin and Cur-CS nanoparticles in healthy cats

5. To evaluate the antiviral and anti-inflammatory effects of Cur-CS nanoparticles in 

cats diagnosed with FIP
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