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ABSTRACT (THAI) 

ชื่อเรื่อง ANTIVIRAL ACTIVITY OF CINNAMON ESSENTIAL OIL AND 
CINNAMALDEHYDE-DERIVED BENZIMIDAZOLE AGAINST PORCINE 
REPRODUCTIVE AND RESPIRATORY SYNDROME VIRUS 

ชื่อผู้เขียน Mr.Dante  Mendillo Fabros JR 
ชื่อปริญญา วิทยาศาสตรมหาบัณฑิต สาขาวิชาเทคโนโลยีชีวภาพ 
อาจารย์ท่ีปรึกษาหลัก วศิน  เจริญตัณธนกุล  

  

บทคัดย่อ 
  

การระบาดของโรคพีอาร์อาร์เอสในสุกรท าให้เกิดการริเริ่มค้นคว้าวิธีการรักษาท่ีช่วยยับยั้ง
ไวรัสที่เป็นสาเหตุของโรค (PRRSV) อย่างไรก็ตามวิธีการควบคุม PRRSV ที่มีการศึกษา พบว่ายังมีไม่
มากนัก การใช้น้ ามันหอมระเหยเป็นแหล่งสังเคราะห์สารประกอบอินทรีย์ชนิดใหม่ได้รับการยืนยันว่า
เป็นหนึ่งในแนวทางที่มีประสิทธิภาพในการยับยั้งการจ าลองตัวของ  PRRSV ดังนั้นการศึกษานี้จึงน า
น้ ามันหอมระเหยจากน้ ามัน  Cinnamomum (Cinnamomum iners Reinw. ex Blume และ 
Cinnamomum burmannii Blume) มาใช้เป็นสารตั้งต้นในการสังเคราะห์ Benzimidazole และ
ทดสอบฤทธิ์ยับยั้งเชื้อ PRRSV  ในหลอดทดลองโดยการสังเกตการณ์เกิดพยาธิสภาพของเซลล์  และ
การตรวจวิ เคราะห์หาไตเตอร์ ไวรัสโดยวิธี  plaque assay โครงสร้างทางเคมีของอนุ พันธ์  
benzimidazole และ cinnamaldehyde ในน้ ามันหอมระเหยได้ท าการตรวจสอบโดยวิธี  thin 
layer chromatography และ  fourier-transform infrared spectroscopy ผลการศึกษาพบว่า 
benzimidazole จาก cinnamaldehyde ไม่มีฤทธิ์ในการยับยั้งการแบ่งตัวของเชื้อไวรัส ในขณะที่
น้ ามันหอมระเหยจากอบเชยไม่มีฤทธิ์ยับยั้ งเชื้อไวรัส  PRRSV หรือมีฤทธิ์ยับยั้งในระดับปาน
กลาง  (0%-22%) เมื่อท าการทดสอบในช่วง pre-infection และสามารถแสดงฤทธิ์ในการการยับยั้ง
เชื้อไวรัสได้ถึง 51% ในช่วงทดสอบ post-infection ในส่วนของการทดสอบโดย plaque assay 
พบว่า น้ ามันหอมระเหยจากอบเชยส่งผลให้การสร้าง plaque ของไวรัสลดลงถึง 42%  ในช่วง pre-
infection และ ไม่ พบการลดลงของ  plaque เ มื่ อทดสอบ โดย  benzamidazole ที่ ไ ด้ จ า ก 
cinnamaldehyde ผลการศึกษานี้จึงชี้ให้เห็นว่าอนุพันธ์ benzimidazole มีข้อจ ากัดเมื่อน ามาใช้เป็น
สารต้าน PRRSV. 
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ABSTRACT 
  

Porcine reproductive and respiratory syndrome outbreak has initiated the 
search for inhibitory treatments and remedies against this virus (PRRSV). However, 
existing control strategies against PRRSV are still insufficient. The use of essential oil as 
a source to synthesize new organic drug compounds was verified as being an effective 
approach to impede PRRSV replication.  Therefore, the present study extracted 
cinnamon essential oil from two Cinnamomum species i.e. Cinnamomum iners Reinw. 
ex Blume and Cinnamomum burmannii Blume, used it as substrate in benzimidazole 
synthesis and tested its inhibitory effect on PRRSV replication in vitro by cytopathic 
effect and plaque assays. Chemical structures of benzimidazole derivatives and 
cinnamaldehyde in the essential oil were confirmed by thin layer chromatography and 
fourier-transform infrared spectroscopy. Results showed that cinnamaldehyde-derived 
benzimidazole had no antiviral activity against PRRSV replication, while cinnamon 
essential oil itself showed no to moderate anti-PRRSV properties with 0% to 22% virus 
inhibition in pre-infection and up to 51% virus inhibition in post-infection assays. Plaque 
formation was reduced by cinnamon essential oil up to 42% in pre-infection and no 
reduction was observed by cinnamaldehyde-derived benzimidazole. These results 
suggest that benzimidazole derivative has limited use for anti-PRRSV control. 
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CHAPTER 1 

INTRODUCTION 
 

The worldwide prevalence of porcine reproductive and respiratory syndrome 
(PRRS) is one of the major problems of swine industry resulting to global economic 
loss. The etiologic agent of this swine disease namely porcine reproductive and 
respiratory syndrome virus (PRRSV) is the cause of severe respiratory and reproductive 
failure (Stevenson and Torremorell, 2012). PRRSV is an enveloped, positive-sense RNA 
virus which belongs to the genus Arterivirus, order Nidovirales, family Arteriviridae 
(Faaberg et al., 2012). The viral structure appears to be oval-shaped or roughly 
spherical particle of 50-60 nm in diameter and the genome comprises 11 known open 
reading frames (ORFs) (Lunney et al., 2016). In vivo experiments demonstrated that the 
primary target of PRRSV infection is highly restricted to porcine alveolar macrophages 
(Duan et al., 1997). After severe infection, the virus succeeds immunosuppression, 
which results in reproductive illness, respiratory ailment, abortion and death. The 
existing antiviral strategies against PRRSV are vaccination and biosecurity. Vaccination 
provides partial protection against clinical disease, primarily due to a high genetic 
variation among PRRSV isolates (Du et al., 2017).  

The emergence of drug-resistant viruses was led by the augmented availability 
and exploitation of antiviral drugs. Numerous source of medicinally valuable herbs and 
trees rest unexplored. However, essential oils and extracts from a wide-ranging variety 
of plants have long been used for medicinal purposes (Srisukh et al., 2012). Usually, 
essential oil consists of bioactive compounds responsible for its organoleptic 
properties. One of the commercially available is the cinnamon essential oil which most 
contains cinnamaldehyde (Friedman et al., 2000).   

The bioactive compound composition of cinnamon essential oil varies 
depending on the part of the plant used in the extraction. Generally, cinnamon oil 
contains 80-90% cinnamaldehyde and with slight or no eugenol. Other compounds 
that can be found in cinnamon essential oil include condensed tannins, cinnamyl 
acetate, benzaldehyde, linalool, and limonene (Kim et al., 2015; Shan et al., 2007). 
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Cinnamaldehyde is an organic compound synthesized naturally in 
Cinnamomum trees including Cinnamomum iners Reinw. ex Blume and Cinnamomum 
burmannii Blume, belonging to the family Laureaceae. It is a viscous fluid, pale yellow 
in appearance that gives cinnamon its aroma and flavour. Chemically, cinnamaldehyde 
(C9H8O, 3-phenyl-2-propenal) is the major component of cinnamon essential oil 
revealed by high-performance liquid chromatography (HPLC) and Fourier-transform 
infrared (FT-IR) spectroscopy (Adinew, 2014; Li et al., 2013; Wong et al., 2014). The 
biological activities of this compound reportedly include antiviral (Fabra et al., 2016), 
antimicrobial (Yossa et al., 2014), anti-inflammatory (Muhammad et al., 2015), 
antioxidant (Naveena et al., 2014), antispasmodic (Jaafarpour et al., 2015), anti-urease 
(Lee et al., 2005), anti-cancer (Vangalapati and Prakash, 2013) and hyperglycemic 
(Camacho et al., 2015).  However, antimicrobial activity of cinnamaldehyde is 
extensively studied but there is only limited knowledge on its antiviral property (Liu et 
al., 2015). In addition, the antipathogenic property of cinnamaldehyde extracted from 
Cinnamomum verum J .Presl and Cinnamomum cassia Blume has been proven by 
several reports conducted (Ooi et al., 2006; Ouattara et al., 1997; Wong et al., 2008). 
Cinnamaldehyde from Cinnamomum verum J. Presl and Cinnamomum osmophloeum 

inhibits pro-inflammatory IL-1β (interleukin-1beta), IL-6 (interleukin-6) production, and 
suppresses iNOS (nitric oxide synthase) and COX-2 (cyclooxygenase-2). These findings 
conclude the anti-inflammatory effects of cinnamaldehyde (Koh et al., 1998; Zhao et 
al., 2011). Generally, the chemical property of cinnamaldehyde is unstable in vivo 
hence unstable in rat blood with a half-life of 4-minutes. (Li et al., 2017; Yuan et al., 
1992). To overcome this problem, cinnamaldehyde derivatives were synthesized. Li et 

al. (2017) demonstrated the antiviral potential α-bromo-4-methyl-cinnmaldehyde and 

α-bromo-4-chloro-cinnamaldehyde effectively reduced the viral titer of coxsackievirus 
(CBV3) in Hela cells. Antiviral activities of cinnamaldehyde were significantly increased 
when cinnamaldehyde was brominated and chlorinated also resulting with low 
toxicity . 

Benzimidazole is a bicyclic isosteric compound with purine nuclei and indole. 
Physiochemical backbone structure of benzimidazole is the integral part of its 
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biological functionalities.  However, numerous types of pharmacodynamics and 
pharmacokinetic properties have been linked with its derivatives (Amari et al., 2002) . 
As a multifunctional core nucleus of many compounds, benzimidazole plays an 
essential role in synthesis and development of therapeutic agents to elicit various 
biological functionalities. Benzimidazole drugs have been commercially available such 
as anthelmintic (albendazole) , antiviral (anviradine) , antitumor (bendamustine) , anti-
inflammatory ( benoxaprofen analog)  and antihistaminic ( albenzole)  ( Bansal and 
Silakari, 2012) .  To improve the pharmacological activities, various derivatives of 
benzimidazole were synthesized although some of the readily synthesized compounds 
have found very robust application in medical treatments. For instance, Kankeaw and 
Rawanna (2015) reported the synthesis of derived-benzimidazole by the condensation 
between 1,2 phenylene diamine and aldehyde citronellal.  This affords the product 
without Schiff base compound as by product in order to improve pathogenic activities. 

Various benzimidazole derivatives have been evaluated for their antiviral 
activities . The antiviral properties of eighty- six benzimidazole derivatives against ten 
selected RNA and DNA viruses were screened (Tonelli et al., 2010) .  Among those 
viruses, CVB-5 ( coxsackie B-5) , RSV ( respiratory syncytial virus) , BVDV (bovine viral 
diarrheal virus)  and Sb-1 (poliovirus sabin strain 1)  were significantly affected.  Also 
derivatives of 2-phenylbendizimadole have been reported to have antiviral activities 
against CVB-2, BVDV, Sb-1, HSV-1 (herpes simplex virus)  and YFV ( yellow fever virus) 
while HIV-1 (human immunodeficiency virus) and VSV (vesicular stomatitis virus) were 
not affected (Tonelli et al., 2010). 

Despite several reports on the antiviral properties of cinnamon essential oil and 
benzimidazole against many viruses, study on their anti-PRRSV activity has not been 
elucidated.  Therefore, the current study evaluates the antiviral activity of cinnamon 
essential oil and cinnamaldehyde-derived benzimidazole against PRRSV grown in vitro 
on MARC-145 cells. 

Objectives 
This study sought to investigate the antiviral activity of cinnamon essential oil 

and its derived-benzimidazole against PRRSV grown in vitro on MARC-145 cells.  
Specifically, the objectives of this study will: 
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1. Extract and identify the cinnamon oil percentage yield from C.  iners and C. 
burmannii tree bark by hydrodistillation  

2. Synthesize derived- benzimidazole by mixing 1,2- phenylene diamine and 
cinnamaldehyde from cinnamon essential oil confirmed by thin layer 
chromatography (TLC) and fourier transform infrared spectroscopy (FT-IR). 

3. Determine the percentage viability of MARC-145 cells treated with cinnamon 
essential oil and its derived-benzimidazole tested by crystal violet (CV) staining 
assay and 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) 
method. 

4. Assess the virus inhibition of the cinnamon essential oil and its derived-
benzimidazole determined by cytopathic effect (CPE) assay and plaque forming 
unit (PFU) assay.   
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CHAPTER 2 
REVIEW OF RELATED LITERATURE 

 
Porcine reproductive and respiratory syndrome virus 
Anatomy and Morphology 
 PRRSV is a positive sensed and enveloped RNA virus, a member of family 
Arteriviridae along with simian hemorrhagic fever virus (SHFV) , equine arteritis virus 
(EAV)  and mouse lactate dehydrogenase-elevating virus (LDV)  ( Snijder et al., 2013) . 
Arteriviridae family alongside with Coronaviridae, Roniviridae, Mesoniviridae with the 
same gene orientation and replication process, were placed under order Nidovirales 
(Cavanagh, 1997) .  The whole PRRS virion structure sized approximately 50-60 nm in 
diameter that appears to be oval- shaped or roughly spherical (Spilman et al., 2009) . 
The formed virion particle consists of genome RNA packed by homodimer double 
layered protein N (nucleocapsid) surrounded by glycoproteins and membrane proteins 
implanted onto a lipid bilayer envelop (Fang and Snijder, 2010) .  PRRSV genome RNA 
have approximately 15 kb in size situated between untranslated regions; 5’ -UTR and 
3’UTR with methylated cap and polyadenylated tail respectively, which contains 11 
ORFs.  The known ORFs are the following; ORF1a, ORF1a’ -TF, ORF1b, ORF2a, ORF2b, 
ORF3-5, ORF5a, ORF6 and ORF7. ORF1a and ORF1b constitute the third quarter of the 
genome that encodes long non-structural polyproteins pp1a and pp1b whereas ORF1B 
is expressed by a -1 ribosomal frameshift. These large polyproteins then cleaved into 

16 known nsps (nsp1α and β, nsp2-6, nsp2TF, nsp2n, nsp7α and β, nsp8-12).  ORF2-
4 code for minor structural components i.e. GP2, E, GP3, and GP4. ORF5, ORF5a, ORF6 
and ORF-7 expressed 3 major structural proteins i. e.  GP5, M, N, and a minor protein 
ORF5a.  However, ORF5a interaction and orientation in the virion structure still needs 
to be elucidated ( Firth et al., 2011; Johnson et al., 2011) .  Overall, membrane 
associated glycoproteins (GP2a, GP3-5), unglycosylated membrane proteins (E, ORF5a, 
M) and nucleocapsid complete the virion structure (Fang and Snijder, 2010; Lunney et 
al., 2016; Snijder et al., 2013). The recent discovered ORF (TF) in the central region of 
ORF1a encodes nsp2F and nsp2N (Fang et al., 2012; Li et al., 2014) .  The lipid bilayer 
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envelop embedded with major proteins M and GP5 comprises at least half the amount 
of viral protein.  Heterodimer M with GP5 form a disulphide bond linked cysteine 
residues (Figure 1)  (Ko et al., 2015; Verheije et al., 2002) .  On the other hand, minor 
glycoproteins (GP2-3, E) form a multimeric complex incorporated on the lipid envelop 
(Das et al., 2010; Wissink et al., 2005). 
 

 

 

 

 

 

 

 

 
 
 
There are two PRRSV genotypes such as type 1 isolated from Europe with 

prototype Lelystad and type 2 (prototype VR 2332) originally isolated in North America. 
(Cha et al., 2006; Stadejek et al., 2013). It was reported that these two PRRSV genotypes 
with antigenic and serological differences were 60 % nucleotide identical as revealed 
by genomic sequence analysis (Allende et al., 1999; Wensvoort et al., 1992). Moreover, 
the non-glycosylated protein E of type 2 PRRSV was not incorporated with minor 
glycosylated multimeric protein complex in the lipid envelop (Das et al., 2010; Wissink 
et al., 2005). All eight relatively small genes (ORF2a-ORF7) have both 5’ and 3’ terminal 
sequences overlapping with neighbouring genes except for type 2 PRRSV where its 
ORF4 and ORF5 were not overlapping (Lunney et al., 2016). It was also reported that 
PRRSV isolated in China with genomic analysis belongs to genotype 2 compatible to 
highly pathogenic strain (Zhou et al., 2012). PRRSV is considered highly mutable RNA 
virus with significant genetic variability within its two types based on ORF5 phylogenetic 
analysis (Brar et al., 2015; Murtaugh et al., 2010).  

Figure 1 PRRSV structure and its genome 
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Virus stability 
 PRRSV is prone to heat but stable at temperatures 4°C and -70°C (Benfield et 
al., 1992) .  With pH 6. 5-7. 5, the virus is also stable but its infectivity will be reduced 
outside this pH range (Bloemraad et al., 1994; Van Alstine et al., 1993). 
 Solvents such as chloroform and ether disrupts the PRRSV lipid bilayer envelop. 
Also 0.0075% iodine and 0.0063% quaternary ammonium compounds can inactivate 
the virus (Shirai et al., 2000) .  Complete inactivation of PRRSV can be accomplished 
with 0.03% chlorine or using ultraviolet upon 10 minutes of exposure (Dee et al., 2011; 
Shirai et al., 2000).  
PRRSV Replication 
 Macrophage or monocytic lineage is the restriction of PRRSV cell tropism.  The 
primary target cell is the fully differentiated porcine alveolar macrophages (PAMs)  for 
PRRSV infection (Lawson et al., 1997; Park et al., 2008) .  In vitro propagation can be 
done using non-porcine cell lines aside from blood monocytes and PAMs. MA104 cell 
line derived from African green monkey was routinely used for viral in vitro propagation 
as well as its subclones MARC-145 and CL2621.  On the other hand, expression of Sn 
( sialoadhesin)  receptor is absent on MA104 cell line.  Therefore, Van Breedam et al. 
(2010a)  and Nauwynck et al.  (2012)  conclude that virus propagation on MA104 cell 
line can lead to structural protein mutation resulting to virus infectivity increase. 
 The entry of PRRSV was achieved by receptor-mediated endocytosis. Initially, 
the virus binds to the host cell via heparin-sulphate GAGs (glycosaminoglycans) 
(Delputte et al., 2005) after interaction of the virion to the cell surface, internalization 
may occur by the involvement of sialoadhesin (Sn or CD169) receptor binding to sialic 
acid that is present on glycosylated membrane protein M/GP5 heterodimer complex 
(Van Breedam et al., 2010b; Vanderheijden et al., 2003). However, recent study using 
CD169 gene knockout pigs demonstrated that the intact Sn is not required for the 
attachment and/or internalization of PRRSV (Prather et al., 2013). Hence, PRRSV enters 
the cell through clathrin-mediated endocytosis (Nauwynck et al., 1999). The endosome 
internalized with the virus then co-localized with CD163, a member of scavenger 
receptor cysteine-rich family (Van Gorp et al., 2009). Recent study determines CD163 
as the major receptor to mediate viral internalization and disassembly (Van Breedam 
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et al., 2010a). Drop in pH inside the endosome together with CD163 receptor 
interaction uncoats the virus, thus, releasing its genome to the cytosol (Van Gorp et 
al., 2009; Van Gorp et al., 2008). Das et al. (2010) demonstrated the interaction of GP2 
and GP4 glycosylated membrane proteins to CD163 but the exact mechanism and 
CD163 role in the uncoating process is not yet clear. Moreover, it was reported that 
CD163 was identified as initiation key factor of PRRSV infection (Calvert et al., 2007). 
 After genome release, gene replication occurs in the host cell’ s cytoplasm. 
Proteins encoded from ORF1a and ORF1b will be synthesized before viral genome 
replication takes place.  ORF1a translated directly from genomic RNA following the 
ORF1b translation through -1 programmed ribosomal frameshift upstream of ORF1a 
termination codon resulting to the extension of pp1a to pp1ab.  The synthesized 
polyproteins (i.e. pp1a, pp1b) well then cleaved by internal proteinases to generate at 
least 14 nsps, which were assembled into replication and transcription factor complex 
(RTC) (Snijder and Meulenberg, 1998). RNA polymerase (RdRp) and RNA helicase were 
the major enzymes of RNA replication both encoded in ORF1b (nsp9 and nsp10) (Van 
Dinten et al., 1996) .  With RTC, minus- strand RNA synthesis occurs to produce 
subgenomic ( sg)  negative- sense RNAs.  These sg RNAs serve as the template in 
discontinuous positive- strand mRNA synthesis for the expression of structural protein 
genes located at the 3’  proximal quarter of the genome (Conzelmann et al., 1993; 
Pasternak et al., 2006; Snijder and Meulenberg, 1998). Then, the generated viral RNAs 
were packed into nucleocapsid.  Envelop was formed by budding from smooth 
intracellular membrane. The release of new virion from the cell was accomplished by 
exocytosis (Lunney et al., 2016). 
Pathogenesis 
 PRRSV infection is not persistent. But in swine industry production system, the 
average lifetime period of pigs is 180 days so it was considered as life- long lasting to 
the majority of the pigs.  The infection principally occurs as subclinical infection 
associated as co- factor in different diseases like porcine respiratory disease complex 
(PRDC)  and porcine circovirus associated disease (PCVAD)  (Chand et al., 2012) .  The 
usual host response to the single pathogen infection was altered when PRRSV interacts 
with other swine pathogens (e.g. porcine respiratory coronavirus, swine influenza virus, 
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Haemophilus parasuis) (Solano et al., 1997; Van Reeth et al., 1996). PRRSV suppresses 
the host immune defence that causes other pathogens to establish secondary and 
opportunistic infection leading to more severe and chronic diseases. Brockmeier et al. 
( 2002)  demonstrated that PRRSV was the most common virus isolated on PRDC 
infected pigs.  Co- infection of PRRSV and Bordettella bronchiseptica worsens the 
clinical disease (Brockmeier et al., 2000) .  Also, there were longer period and more 
severe lung pneumonia observed on Mycoplasma hyopneumoniae and PRRSV co-
infected pigs (Thacker et al., 1999) .  Similarly, lung lesions and more severe clinical 
symptoms were observed in PCVAD infected pigs compared to the single infection of 
PRRSV or porcine circovirus-2 (PCV-2) (Allan et al., 2000).  
 Dissemination of susceptible macrophages throughout the body system mainly 
hints the PRRSV shedding by multiple routes (Pol et al., 1991). PRRSV was found in 
blood, nasal secretions, semen, mammary gland secretion, urine, and feces (Rossow 
et al., 1994; Swenson et al., 1994; Wagstrom et al., 2001; Wills et al., 1997b). It has 
been reported that PRRSV nasal shedding was strain dependent, at least for type 1, 
and it may have the effect on the formation of aerosols infected with PRRSV (Frydas 
et al., 2015; Frydas et al., 2013). Transmission of virus by aerosol was strain dependent 
as studies showed that efficient aerosol transmission can be achieved depending on 
pathogenicity of the virus (Cho et al., 2006; Cho et al., 2007). On the other hand, 
contradicting reports on the presence of PRRSV in feces were recorded. Fecal swabs 
were observed positively with PRRSV (Christianson et al., 1993) but some studies 
showed no detection of virus in feces (Rossow et al., 1995). PRRSV can be also present 
in oral fluids (Kittawornrat et al., 2010; Wills et al., 1997a) with matching viral loads 
found in serum (Prickett et al., 2008). Similarly, viral shedding in semen of the boar 
was extensively studied. This implies the high risk of transmission between the infected 
boars to the sows and gilts (Christopher-Hennings et al., 1995a; Christopher-Hennings 
et al., 1995b; Nielsen et al., 1997; Yaeger et al., 1993). In line with this, PRRSV was 
isolated on bulbourethral gland. Consequently, it can be a long term source of virus 
and viremia is not a sufficient indication of the possible contagiousness (Christopher-
Hennings et al., 1995a). Colostrum and milk of sows can be a PRRSV source to the 
litters but their connection to PRRSV transmission was only secondary infection 
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(Wagstrom et al., 2001). These studies implicate the methods and routes of PRRSV 
transmission by either direct or indirect contact e.g. insemination, contaminated 
needles, vertical transmission, ingestion, and aerial. 
 The acute post- infection phase was described when there’ s high viral load in 
tissue and serum viremia was observed by 6-12 hours post infection that may last up 
to 28 days. Lung is the superior site of infection where viral replication in macrophages 
and dendritic cells in upper respiratory tract occurs (Duan et al., 1997; Halbur et al., 
1995a; Halbur et al., 1995b) .  Characterization of viral persistence was demonstrated 
when the virus was not detected already in lungs and blood because the virus 
replication site localized in lymphoid tissue. The virus can be isolated in lymph nodes 
for longer than 100 days post infection even though the pig has no longer displays 
clinical signs.  This stage was when the virus can transmit easily to naïve pigs because 
continuous replication happens in regional lymph nodes triggering the efficient viral 
transmission through oral-nasal secretions and semen (Christopher-Hennings et al., 
2008; Rowland et al., 2003)  
Clinical Signs and Epidemiology 
 The virus occurred in Europe and North America at the same time during late 
1980’s (Stevenson and Torremorell, 2012), but study by bioinformatics analysis 
suggests that PRRSV existed a century ago (Forsberg, 2005). At present, PRRSV emerged 
from Europe with prototype Lelystad virus was designated as PRRSV type 1 and PRRSV 
type 2 for the virus VR-2332 from North America. Genomic sequence analysis revealed 
that these two genotypes of PRRSV were distantly related (Faaberg et al., 2012). After 
the discovery of PRRSV, the virus was distributed globally from Canada, Germany, 
United Kingdom, Japan and throughout Asia (Cha et al., 2006; Gilbert et al., 1997; 
Larochelle and Magar, 1997). Recently, nucleotide analysis revealed that PRRSV 
isolated in south western China belongs to PRRSV genotype 2, the same as highly 
pathogenic strain (Zhou et al., 2012). Type 1 PRRSV was more diverse than type 2 
PRRSV as the result of studies conducted from different countries such as Latvia, Italy, 
Lithuania, Belarus and Russia (Forsberg et al., 2002; Le Gall et al., 1998; Stadejek et al., 
2006; Stadejek et al., 2008; Stadejek et al., 2013; Suárez et al., 1996). PRRSV 1 subtypes 
1-4 has been discovered because the differences in their ORF5 and ORF7 were 
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defensible and evident (Stadejek et al., 2006; Stadejek et al., 2008; Stadejek et al., 
2013). Since the discovery of PRRSV, Kuhn et al. (2016) stated that the broad 
developing apprehension on the evolution and discovery of Arteriviridae virus 
warranted the proposal in separating type 1 and 2 PRRSV into two different species.  

Before the discovery of the etiological agent of PRRS, the disease was formerly 
named as blue ear disease, porcine epidemic abortion and respiratory syndrome, swine 
infertility and respiratory syndrome, swine reproductive and respiratory syndrome, pig 
plague 89 and disease 89 (Goyal, 1993; Keffaber, 1989; Wensvoort et al., 1991). In 
general, the clinical symptoms appear mild to acute respiratory disease in pigs and 
reproductive disorders in sows. The clinical representation of PRRSV infection depends 
on various factors such as age, pregnancy status, gestation trimester of sows and gilts, 
immune status, environmental factors, virus strain, genetic susceptibility and co-
infection with other swine pathogens (Rossow, 1998; Stevenson and Torremorell, 
2012). PRRSV infected sows exhibited lack of appetite, anorexia, abortion, birth of dead 
or weak piglets, mummified fetus, and temporary blue discoloration of ears vulva or 
abdomen (Terpstra et al., 1991). Weaned pigs show signs like pneumonia, fever, 
lethargy and insufficient weight gain or inappropriate weight loss. Gross lesions depend 
on virus isolate, herd status and genetic representation while lung lesions occur by 
pulmonary consolidation merged with another swine pathogen infection present as 
subclinical symptom (Rossow, 1998). Different isolates of North American PRRSV 
genotype 2 vary on their clinical infection i.e. gross lesions, rectal temperature, lung 
lesions. Type 1 PRRSV infection represented by prototype Lelystad virus results to 
temporary pyrexia, tachypnea and dyspnea while its highly pathogenic strain outcomes 
anorexia, pyrexia, lethargy and labored breathing (Halbur et al., 1995a; Halbur et al., 
1995b; Halbur et al., 1996; Mengeling et al., 1996).  
 It has been over 25 years since the discovery of PRRSV.  Highly virulent strains 
have constantly evolved through time to cause various acute diseases that has quickly 
spread globally.  In late 1990’ s, atypical PRRSV caused high percentage of swine 
abortion and death reported in USA (Mengeling et al., 1998). Highly virulent strain MN1-
8-4 similar to PRRSV genotype 2 was also reported in Canada and North Central USA 
(Han et al., 2006) .  Simultaneously in China and Southeast Asia, highly pathogenic 
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variants of PRRSV were reported as subclinical infection with porcine high fever disease 
in all ages of pigs with severe respiratory disorder producing high percentage of 
mortality (Tian et al., 2007). On the other hand, a highly pathogenic PRRSV 1 subtype 
3 (Lena strain) was isolated in Belarus, Eastern Europe (Karniychuk et al., 2010). Highly 
pathogenic strain infection is accompanied by abnormal host response, severe lung 
lesions and clinical symptoms (Han and Yoo, 2014; Karniychuk et al., 2010) .  Stadejek 
et al.  (2017)  demonstrated the pathogenicity of various PRRSV 1 strains comparing 
subtype 1 Danish strain, subtype 2 Russian strain and subtype 2 Belarusian strain. 
Subtype 2 BOR59 Belarusian strain was highly pathogenic comparable to subtype 3 
Lena strain and SU1-bel (Karniychuk et al., 2010; Morgan et al., 2013; Weesendorp et 
al., 2013; Weesendorp et al., 2014). 
 
Cinnamon essential oil   

Plant essential oil have wide variety of applications such as flavouring, 
cosmetics, industrial applications, pesticides, fragrance and aromatherapy.   Essential 
oil has pharmacological and medicinal properties based on their chemical components 
(Bousbia et al., 2009) .   Currently used essential oil that are available commercially 
worldwide is the cinnamon essential oil.  Cinnamomum species tree bark is the main 
source of commercial cinnamon material based on its high essential oil and 
cinnamaldehyde content (Geng et al., 2011; Li et al., 2013). 

Cinnamon was proven as non- toxic organic product and considered as 
convenient to manufacture at cheap price ( Frydman- Marom et al., 2011) .  It was 
recognized Generally Recognized as Safe (GRAS)  by FDA (FDA, 2015)  that makes it 
suitable as natural food additive and potential medicine.  Essential oil contains 
concentrated volatile oils that are hydrophobic, lipophilic and carry distinct scent 
through various parts of plants and herbs (Bousbia et al., 2009).  

The source of cinnamon is from the bark of trees belonging to Cinnamomum 
sp under family Laureaceae is a genus of evergreen shrubs and trees.  It comprises 
about 250-350 species distributed globally, dispersed in tropical and subtropical areas 
of Southeast Asia, Australia, North America, Central America, South America (Rana et 
al., 2009; Wang et al., 2009). C. iners Reinw. ex Blume and C. burmannii Blume are two 
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species widely used as raw material to produce cinnamon.  The brief taxonomical 
features of C.  iners were, the tree or small tree measured 4- 12 m tall, stem 
circumference up to 14 cm in diameter, yellowish inner bark is smooth, twigs stout or 
slender, terete, 2-3 mm in diameter, apically terete to subangular, drying dark brown 
to black. Known as Indonesian cassia, C. burmannii tree can grow up to 20 m tall with 
stem sized 12-40 cm in diameter. Its bark is smooth, greyish brown with fragrant inner 
bark and yellowish sapwood.  Twigs are slender, terete, 2-3 mm in diameter, apically 
subangular, glabrous, and dark brown to blackish.  These taxonomical descriptions of 
various Cinnamomum sp. were reported by Wuu-Kuang (2011). 

Several studies on cinnamon essential components have been reported. Zhang 
et al.  (2016)  found 92. 40% cinnamaldehyde in cinnamon oil with small amount of 
benzaldehyde, styrene, di- acetone alcohol, benzylcarboxaldheyde, phenol, trans-
cinnamic acid and octadecadienoic acid C.  zeylanicum essential oil has 68. 95% 
cinnamaldehyde, 9.94% benzaldehyde, 7.44% cinnamyl acetate, limonene 4.42% and 
eugenol 2.77% (Unlu et al., 2010). In addition, Li et al. (2013) identified 81.97% trans-
cinnamaldehyde in C. loureirii, C. verum was 74.49% and 74.49% on C. cassia essential 
oil.  Thus, cinnamaldehyde is the main compound of cinnamon essential oil (Shareef, 
2011). 

Pharmacological property of essential oil was attributed to their main 
component (Burt, 2004; Ojeda-Sana et al., 2013), however, the bioactivity of essential 
oil resulted from the involvement of different compounds (Hussain et al., 2010; Jantan 
et al., 2008; Ojeda-Sana et al., 2013) .  The bioactive properties of cinnamon essential 
oil and its principal component cinnamaldehyde have also been recorded.  Liu et al. 
(2015)  demonstrated that both cinnamaldehyde and volatile oil of cinnamon from C. 
cassia Presl.  showed significant inhibitory effect on H1N1 influenza virus proliferation. 
It concluded that these compounds induce expression of IFN- B in MDCK cells by 
stimulating the TLR-7 and IRAK-4 pathway (Liu et al., 2015). Cinnamon essential oil has 
antibacterial against representative gram positive and gram-negative bacteria, i. e.  S. 
aureus and E. coli (Zhang et al., 2016). Cinnamaldehyde is reported to be responsible 
for the antimicrobial activity of cinnamon oil ( Kaskatepe et al., 2016) .  Other 
pharmacological activities of cinnamon essential oil were anticarcinogenic (Unlu et al., 
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2010) antifungal (Xing et al., 2014), insecticidal (Jumbo et al., 2014), anti-inflammatory 
(Tung et al., 2008), nematicidal (Kong et al., 2007), acaricidal and repellent effect (Oh, 
2011). 

 
Bioactive properties of benzimidazole derivatives 

Benzimidazole ring system (Figure 2) is one of the most common heterocyclic 
pharmacophores.  This chemical substructure is called “privileged”  because of their 
broad prevalence in many integral cellular constituents and bioactive compounds.  
Benzimidazole structure and its ligands have been widely studied but the major 
concern is their pharmacological and pharmaceutical properties (Alaqeel, 2017) . 
Typically, the benzimidazole nucleus is the major structural component of Vitamin 
B12 (O’Neill et al., 2001). Substituted benzimidazole derivatives have established uses 
and applications in variety of therapeutics. Several bioactive functionalities of derived 
benzimidazole were antihypertensive (Naik et al., 2010), anti-inflammatory (Grivennikov 
et al., 2010) , antimicrobial (Ansari and Lal, 2009) , antiviral (Starčević et al., 2007) , 
anticancer (Sondhi et al., 2010), antiprotozoal (Valdez-Padilla et al., 2009), anthelmintic 
(Köhler, 2001), analgesic and gastric ulcerogenic effects (Gaba et al., 2010).  

Tonelli et al.  (2014)  stated that the various interacting structure of several 
benzimidazole derivatives consequents to their functionalities and modulates potency 
that may imply to antiviral specificity. Benzimidazole derivatives with antivirals depend 
on their chemical group position acting against RSV and HCV (Boido et al., 2009). Series 
of non- halogenated, brominated, chlorinated benzimidazole derivatives have no 
significant antiviral activity against representative positive- sensed RNA viruses i.e.  HIV-
1, BVDV, YFV, and WNV (Budow et al., 2009) .  Recently, non-nucleoside derivatives of 
benzimidazole have gained attention to fight viral proliferation because the past 
researches have been focused on the synthesis of nucleoside analogues to hinder virus 
replication (Beaulieu et al., 2004; Budow et al., 2009; Moussa et al., 2016) .  Structure 
activity relationship study between the synthesized compound and its therapeutic 
activity is very significant.  As such, Pan et al ( 2015)  found that 2- substituted 
benzimidazole with N,N-dialkyl amine, m-methoxy and p-hydroxyl were the most 
promising anti-HIV- 1 whereas derivative N,N-dialkyl amine is required for anti-HIV-1 
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replication.  Additionally, a set of derived benzimidazole compounds were tested 
against HCV and inclusion of methyl group in the ring system showed significant anti-
HCV property ( Tsay et al., 2013) .  It was also reported that pyridine at the C2 of 
benzimidazole ring have the most observed antiviral activity against coxsackie virus 
and echo virus (Starčević et al., 2007). 

 

 

Benzimidazole synthesis by o-phenylenediamine and aldehyde 
Though all seven positions in the benzimidazole nucleus can be substituted 

with a variety of chemical entities, most of the biologically active compounds bear 
functional group at 1,2 and/or 5(or 6) positions (Bansal and Silakari, 2012).   

Most reactions of benzimidazole synthesis involve starting material benzene 
ring derivative with o-dinitrogen compound (Figure 3) .  Generally, there are two major 
typical methods of 2-substituted benzimidazole synthesis. One is the condensation of 
o- phenylenediamine with carboxylic acids and their derivatives, under strong acid 
condition, microwave irradiation or high temperature (Beaulieu et al., 2004; Saberi, 
2015) .  The other one is also the condensation of o- phenylenediamine with an 
aldehyde compound in combination of oxidative cyclocondensation of Schiff bases 
( Asadipour et al., 2013; Chakrabarty et al., 2006; Gogoi and Konwar, 2006) .  The 

Figure 2 o-dinitrogen compound structure 

Figure 3 Benzimidazole ring system 
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condensation of o- phenylenediamine and aldehydyde will yield 2- substituted 
benzimidazoles under correct reaction conditions.  However, the procedure modified 
by Kankeaw and Rawanna 2015 was adapted in this study where simple condensation 
of o-phenylenediamine and aldehyde (Scheme 1)  is achieved without Schiff base in 
order to increase the bioactivity of the synthesized compound. Other compounds may 
also react with o- phenylenediamine to yield benzimidazole depending on the 
chemical reaction conditions employed. These compounds are acid anhydride, esters, 
amides, urea, acid chlorides, nitriles, ketones, potassium hydroxide and chloroform 
(Alaqeel, 2017; Rathod et al., 2013).  
 
  

Scheme 1 Condensation reaction of o-phenylenediamine and aldehyde 
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CHAPTER 3 
METHODOLOGY 

 

Cinnamon oil extraction  
Hydrodistillation was conducted to extract the essential oil of C.  iners and C. 

burmannii (Singh et al., 2007) .  Dried cinnamon barks obtained from C.  iners and C. 
burmannii were purchase from Warorot market, Chiang Mai, Thailand.  One kg of 
cinnamon was mixed with 3 L of distilled water, and heated at 100ºC for 8 h (Wong et 
al., 2014). Using methylene dichloride, the volatile products were extracted thrice from 
the water phase (Singh et al., 2007). Esssential oil structure was characterized by FT-IR 
spectroscopy. 

 
Synthesis of benzimidazole 

The benzimidazole derivative was synthesized by mixing 0. 70 g of 1,2-
phenylenediamine and 1.7 ml of cinnamon essential oil in 30 mL ethanol and  refluxed 
for 2- 6 h.  The mixture was cooled for one day and filtered.  The product was 
recrystallized with absolute ethanol.   The melting point of benzimidazole derivative 
was measured using melting temperature apparatus.  Temperature was recorded when 
the sample started to melt and when it was molten completely.  

 
TLC and FT-IR 

Infrared ( IR)  spectra of cinnamon oil and benzimidazole derivative were 
recorded on Perkin Elmer FT- IR spectrometer with salt plate and KBr pellets 
respectively. IR spectrum was reported in % transmittance. Cinnamon oil spectra were 
compared with cinnamaldehyde IR spectrum standard.  The wave number region for 
the analysis was 4000-400 cm-1. The purity of the compound was checked by TLC on 
precoated SiO2 gel (HF254 200 mesh) aluminum plates (Merck) (Kankeaw and Masong, 
2015). 
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Cultivation of cells and virus 
Virus culture and cell line were obtained from Veterinary Diagnostic Laboratory, 

Faculty of Veterinary Science, Chulalongkorn University.  It was maintained in MEM++ 
comprising minimum essential medium ( Caisson Laboratories, Utah, USA) , 
supplemented with 10% heat-inactivated fetal bovine serum (FBS) (Capricorn Scientific 
GmbH, Germany) , antibiotics/ antimycotic penicillin (100 IU/ ml) , streptomycin ( 100 
µg/ml) , and amphotericin B (250 ng/ml)  ( all from Gibco, New York, USA)  to avoid 
microbial contamination in the culture. PRRSV was propagated in sub cultured MARC-
145 cells grown in MEM++ at 37°C in a 5% CO2 incubator. After four days of incubation, 
the frozen overnight virus cultures were thawed twice, centrifuged, and harvested. 
Supernatant was filtered through 0.22 µM filter (Minisart®, Sartorius, France) to remove 
unnecessary particles, cells and microbes. Harvested viruses were stored at -80°C. Viral 
titers were determined by 50% cell culture infectious dose (TCID50) endpoint dilution 
assay after 96 h inoculation and adjusted to 106 TCID50/ml prior to anti-PRRSV culture 
assay. 

 
Cytotoxicity test by CV (crystal violet) staining assay and MTT (3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide) 

Cytotoxicity of cinnamon essential oil was tested by CV staining assay and MTT 
(3- (4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide)  method as previously 
described (Sun et al., 2012). Approximately 1x105 cells/ml MARC-145 cells were seeded 
in a flat-bottom 96-well plate (Nunc, Denmark) .  The essential oil was serially 2- fold 
diluted, added onto the wells, and cultivated at 37°C in humidified 5% CO2 atmosphere 
for 96 h. After completion of incubation, the media were removed and the cells were 
washed with PBS thrice.  Cells were fixed with acetone: methanol (60: 40)  solution at 
4°C for 30 min.  Then, 0. 5% CV solution was added into each well and incubated at 
room temperature for 5 min, followed by rinsing with water.  The wells then received 
Sorenson’ s buffer and were incubated at room temperature for 15 min.  The optical 
density (OD) absorbance was determined at 570 nm (Feoktistova et al., 2016).  

For MTT method, another cell culture set up was prepared.  MTT solution was 
added to each well and the plates were incubated for 4 h at room temperature. Then, 
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100 µl of DMSO was added and the plates were gently shaken for 5 min until the 
crystals were fully dissolved. The OD value was measured at 595 nm on a microplate 
reader (Thirabunyanon et al., 2009) .  Percentage of cell viability was calculated using 
the formula [ (A-B) /Ax100] , where A and B are the OD value of treated and control 
cells, respectively. 

 
Anti-PRRSV screening by end-point dilution/cytopathic (CPE) assay 
Pre-infection  

Five mL of MARC-145 cells (5x105 cells/mL)  were seeded in 25- mL flasks at 
37°C in 5% CO2 atmosphere for 16 h.  The media were then removed and 4. 5 mL of 
selected concentrations of cinnamon essential oil and benzimidazole derivatives in 
MEM++  were added to the flasks.   Five hundred µL of PRRSV (106 TCID50/mL)  was 
subsequently added to the flask and the culture was incubated at 37°C in humidified 
5% CO2 atmosphere for 96 h.  Supernatant consisting of unknown concentration of 
virus was collected and kept at -70°C until use. PRRSV titration was performed by the 
addition of serially 10- fold diluted supernatant in MEM++  and inoculated in 96 well 
plate containing 100 µL of confluent MARC-145 cells. The cultures were incubated for 
96 h at 37°C in a 5 % CO2 incubator. The concentration of viral titer was calculated by 
the determination of 50% tissue infection culture dose (TCID50) (Appendix) after CPE 
were observed under inverted microscope. 

 
Post-infection 

Five mL of MARC-145 cells (5x105 cells/mL)  were seeded in 25- mL flasks at 
37°C in 5% CO2 atmosphere for 16 h.  The media were then removed and 500 µL of 
PRRSV (106 TCID50/mL) was added.  The cultures were incubated for 1 h to allow PRRSV 
infection, then received 4. 5 mL of selected concentrations of cinnamon essential oil 
and benzimidazole derivatives in MEM++.  The incubation was carried out for 96 h at 
37°C in 5% CO2 incubator.  Supernatant consisting of unknown concentration of virus 
was collected and kept at -70°C until use. The 10-fold serially diluted supernatant/viral 
suspension was added to confluent MARC-145 cells in 96-well plate, and the cultures 
were incubated for 96 h at 37°C in a 5% CO2 incubator.  The viral concentration was 
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calculated by the determination of TCID50/ ml values ( Appendix)  after CPE was 
observed in each well under inverted microscope.  

 
Percentage virus inhibition analysis  

The calculation of virus inhibition percentage was based on the formula (100% 
x (A-B) /A)  where A and B denote to logarithmic number of virus titer in the absence 
and presence of test sample, respectively. 

 
Determination of viral plaque formation 

Plaque assay was performed as previously described (Chuaychu et al., 2013) . 
In brief, 5x105 cells/ml of MARC-145 cell line were sub-cultured in 24-well plate for 16 
hours at 37°C in a 5% CO2 incubator. MEM++ was removed and serially 10-fold diluted 
supernatant viral suspension from CPE pre-infection or post-infection assay was added. 
After 1 h, viral titers were pipetted out and 500 µl of medium was added following by 
the addition of 0.6% agarose. The cell culture was incubated again for 96 hours at 37°C 
in a 5% CO2 incubator. Then, the medium was removed and cells were washed by 1X 
PBS twice.  Cell fixation was done by adding cold acetone: methanol ( 60: 40)  and 
incubated at 4°C for 30 min.  Cells were dried and stained with 0. 25% Coomassie 
Brilliant Blue R250 (Panreac)  in acetic acid and 50% methanol (1:9 v/v) .  Fixed cells 
were washed with 1X PBS twice.  Plaques were counted and viral titer was expressed 
as plaque forming units per ml (PFU/ml) using the formula PFU/ml=(A/DxV) where A 
is number of plaque, D is the dilution factor and V for the volume of viral inoculum 
added to the wells.  



CHAPTER 4 
RESULTS AND DISCUSSION 

 
Cinnamon oil yield 

The average percentage yield of essential oil from C. iners bark obtained from 
Thailand was shown in Table 1. After extraction of volatile oil by hydrodistillation, the 
average yield was 0.75 %. 

 
Table 1 Essential oil extraction of cinnamon bark of C. iners 

 
Weight of 
Cinnamon bark (g) 

Volume of 
essential oil (ml) 

% yield 

1 1,150 9.13 0.79 
2 1,120 8.08 0.72 
3 1,130 8.53 0.75 

Average 1,130 8.58 0.75 

The Table 2 showed the percentage yield of essential oil from the cinnamon 
bark of C.  burmannii originated from Indonesia.  The average percentage yield of 
cinnamon oil after hydrodistillation was 0.92%.  

 
Table 2 Essential oil extraction of cinnamon bark of C. burmannii 

 
Weight of 
Cinnamon  bark 
(g) 

Volume of 
essential oil 
(mL) 

% yield 

1 1,060 9.56 0.90 
2 1,020 9.84 0.96 
3 1,050 9.65 0.91 

Average 1,040 9.68 0.92         

The yield of cinnamon oil in different species varies (Wang et al., 2009) .  The 
essential oil may produce ranging 0. 72 to 3. 08 %  from the bark of different 
Cinnamomum species (Li et al., 2013) .  Whereas, similar findings to Wang et al (2009) 
were obtained with steam-distilled cinnamon essential oil extracted from two different 
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species that yields 0.72 to 0.96%. Li et al (2013) observed the differences of essential 
oil harvested in every Cinnamomum species and it was due to the environmental 
factors such as type of weather or climate, geographical distribution, growth conditions 
and site of cultivation. This implies that results of essential oil isolation from cinnamon 
bark was correlated with ecological factors mentioned above on which difference 
between the essential oil percentage yield of C.  iners and C.  burmannii was due to 
species diversity and cultivation site. In addition, Li et al (2013) found out that thicker 
bark has higher cinnamon oil content and the most essential oil was concentrated in 
the phloem.  

Several studies have been conducted about the identification of organic 
compound composition of cinnamon essential oil.  The essential oil from the bark of 
C.  iners contained trans- cinnamaldehyde (71. 825%) and cinnamyl alcohol (7. 52%), 

other compounds like eugenol, caryophyllene, α- pinene were present. Phenolic 
compounds were probably responsible for the antioxidative and antimicrobial activity 
of C. iners bark and leaf oils. (Heng, 2008). While, Baruah et al., (2001) identified that 

the components in the stem bark oil of C. iners were 1,8-cineole (40.76%), α-terpineol 

(15.06%) and terpinen-4-ol (13.85%).  Other components identified are β-pinene, γ-
terpinolene, and carphyllene oxide.  On the other hand, essential oil from the 
cinnamon stick powder of C. burmannii contains 83.6 % trans-cinnamaldehyde as the 
major component and condensed tannins as minor compounds (Shan et al., 2007) . 
Also, the chemical constituents essential oil of C.  burmannii demonstrated by Wang 
et al., 2009 were trans- cinnamaldehyde (60. 17%), eugenol (17. 62%) and coumarin 
(13.39%). Other constituents identified in the oil were alcohol, aldehydes and ketones. 

Nonetheless, the variances of yield and composition of plant essential oil 
depends on environmental or climatic conditions (e.g. geographical location, altitude, 
temperature, wind, rainfall), plant physiology (e.g. parts of the plant, age and ontogeny 
of plant parts), genetic make-up of the plant (e.g. chemotypes, varieties, morphotypes) 
agronomic management ( e. g.  nutrients, pests and diseases, irrigation, pesticide 
application, harvesting height.  harvesting date) , post-harvest technology (e. g.  drying 



 23 

biomass, cutting biomass into small pieces), distillation (e.g. duration, method, process 
parameters), and storage (container, presence of air/water, storage period). 
Yield of derived benzimidazole and composition 

The appearance of the product after benzimidazole synthesis was orange color, 
powdered crystal (Appendix figure 2b) The average yield percentages of benzimidazole 
derivative of cinnamaldehyde from C. iners and C. burmannii were 36.48% (Table 3) 
and 34.52%(Table 4), respectively.  The melting point for benzimidazole derivative 
from C. iners and C. burmannii were 161-165 °C and 163-165 °C, respectively. 
 
Table 3 Yield of synthesized benzimidazole derivative from C. iners’ cinnamon oil 

 
Weight of 
benzimidazole 
product (g) 

Yield (%) 
Melting 
temperature  
(°C) 

1 0.5211 36.39 161-165 
2 0.5186 36.22 161-165 
3 0.5273 36.83 161-165 

Average 0.5223 36.48 161-165 
 

Table 4 Yield of synthesized benzimidazole derivative from C. burmannii’s cinnamon 
oil 

 
Weight of 
benzimidazole 
product (g) 

Yield (%) 

Melting 
temperature  

(๐C) 

1 0.4953 34.60 163-165 
2 0.4827 33.71 163-165 
3 0.5046 35.24 163-165 

Average 0.4942 34.52 163-165 
 

The medium yield of benzimidazole derivative in this study is due to the 
conventional method the absence of catalyst used in the reaction.  The proposed 
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mechanism reaction (Scheme 3) in a step-wise fashion expressed that the lone pair of 
amino group undertakes as nucleophile attack to the functional carbonyl group of 
cinnamaldehyde to form benzimidazole derivative. 
 

Scheme 3 Condensation reaction of cinnamaldehdye and o-phenylenediamine 

Scheme 2 Proposed mechanism for the synthesis of benzimidazole 
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The retention factor values of each test sample were reported in Table 4. 
Using the solvent ethyl acetate:methanol (8:2), chromatogram of pure samples was 
visible in TLC plate (Appendix figure 3).  
 

 
Table 5 Retention factor of test compound samples 

Sample Rf Value 

Cinnamon oil 1 (from C. 
iners) 

0.85 

Cinnamon oil 1 (from C. 
burmannii) 

0.77 

Benzimidazole 1 0.83 
Benzimidazole 2 0.64 

 
Table 6 Spectral data of Cinnamon oil 

Functional 
Group 

Cinnamon oil from 
C. iners (cm-1) 

Cinnamon oil 
from C. 
burmannii (cm-
1) 

Cinnamaldehyde 
standard 

C=O 
stretching of 
aldehyde 

1677 1679 1671 

C-H 
stretching of 
aldehyde 

2741, 2814 2742, 2814 2742, 2814 

C=C 
stretching of 
aromatic 

1624, 1451 1507, 1452 1624,1449 

C-H 
stretching of 
aromatic 

3058 3064 3060 
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The spectral data of cinnamon oil in comparison with cinnamaldehyde 
reference was reported in Table 5.  This confirms that the essential oil extracted from 
C. iners and C. burmannii contain cinnamaldehyde. Only the frequency peak values of 
interests were presented on Table 5 that corresponds on the cinnamaldehyde 
structure interrelated with FT-IR simplified correlation chart (Pavia et al., 2014). Peaks 
such as 1677-1679 cm-1 that corresponds to the vibration stretching of a carbonyl 
aldehyde (C=O) , 2741-2742, 2814 cm-1 (C-H stretching of aldehyde) , 3058-3064 cm-1 
(C-H stretching of aromatic) , 1624-1451 cm-1 (C=C stretching of aromatic)  were an 
evident data that extracted cinnamon oil from two Cinnamomum species comprise 
cinnamaldehyde.  The spectral data of cinnamaldehyde standard was previously 
described by Kankeaw and Masong, (2015)  whereas FT- IR spectroscopy revealed the 
functional groups of the cinnamaldehyde chemical structure (Awang et al., 2013; 
Gende et al., 2008; Kankeaw and Masong, 2015) 

Cinnamon oil from tree bark consists of various organic compounds. It has been 
well studied that cinnamon essential oil’ s principal volatile compound is 
cinnamaldehyde (Burlando et al., 2010; Shareef, 2011). Concentration and presence of 
volatile compounds depends on many factors such as extraction methods, plant part 
and source. Moreover, Zhang et al. (2016) found 92.40% cinnamaldehyde in cinnamon 
essential oil. Li et al (2013) identified 81.97% trans-cinnamaldehyde in C. loureirii, C. 
verum was 74.49 % and 74.49% on C. cassia essential oil. About 90% cinnamaldehyde 
was revealed by HPLC (high-performance liquid chromatography)  from the steam-
distilled essential oil ( Wong et al., 2014) .  Adinew ( 2014)  also identified 87% 
cinnamaldehyde analyzed by gas chromatography-mass spectrometry (GC-MS) and FT-
IR spectroscopy from the essential oil of cinnamon bark.  In addition, 85%  of 
cinnamaldehyde in hydro-distilled cinnamon oil from C.  cassia and C.  verum was 
revealed by GC-MS (Ooi et al., 2006). Other than cinnamaldehyde, minute amount of 
eugenol, benzaldehyde, cinnamyl acetate, limonene di- acetone alcohol, 
benzylcarboxaldehyde, phenol, trans-cinnamic acid, and octadecadienoic acid can be 
found in cinnamon tree bark’ s hydrodistilled essential oil (Li et al., 2013; Unlu et al., 
2010; Zhang et al., 2016) 
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FT-IR spectrum analysis of synthesized benzimidazole derivative 
 FT-IR spectrum data of the synthesized benzimidazole were compared to 
benzimidazole derivative reference spectrum. Peaks presented (Table 7) were 3366-
3372 (N-H stretching of amine), 3026 (C-H stretching of alkene), 1595-1597 (C=C 
stretching of alkene), 1495-1450 and 1450-1495 (C=C stretching of aromatic), suggesting 
the presence of benzimidazole after synthesis. 
 
Table 7 Spectral data of cinnamaldehyde-derived benzimidazole 

Functional 
group 

Benzimidazole 1 (derived 
from C. iners' 

cinnamaldehyde) 

Benzimidazole 2 derived 
from (C. burmannii’s  

cinnamaldehyde) 

Wave number (cm-1) 

N-H stretching 
of amine 

3372 3366 

C-H stretching 
of alkene 

3026 3026 

C=C stretching 
of alkene 

1597 1595 

C=C stretching 
of aromatic 

1450, 1495 1495, 1450 

C=N stretching 
of amine 

2365 2365 

Evaluation of least cytotoxic concentration of cinnamon essential oil and 
benzimidazole derivative 
 Concentrations of the samples that yielded >95%  cell viability based on CV 
staining and MTT assays were chosen for subsequent antiviral assays.  After 96 h of 
incubation, 3. 91 nl/ml of C.  iners’  cinnamon oil and 1. 95 nl/ml of C.  burmannii’ s 
cinnamon oil showed least cytotoxicity to MARC-145 cells (Figure 4). In the succeeding 
assay, approximately 4 nl/ml of C. iners’ cinnamon oil and 2 nl/ml of C. burmannii’s 
cinnamon oil were considerably tested. On the other hand, 312.5 ng/ml of synthesized 
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benzimidazole 1 and 156 ng/ml of synthesized benzimidazole 2 were selected with 
no detectable cytotoxic effect to the cells (Figure 5) . 

Noting that the color of cinnamon oil and benzimidazole derivative afftected 
the colorimetric assay OD results, data on percentage cell viability using MTT assay are 
somewhat controversial presenting non- linear correlation to the dilution series 
treatment and showing discrepancy with CV assay result. MTT assay is an end-point by 
nature based on the enzyme activity or bioreduction of tetrazolium salts from yellow 
to the dark blue formazan dye by mitochondrial dehydrogenases (Berridge et al., 2005). 
MTT is cleaved by metabolically active live cells and the formazan generated is meant 
to be directly proportional to cell numbers In order to measure the absorbance of the 
dye, converted formazan has to be released from the cells.  However, the metabolic 
behaviour varies under different cell culture conditions.  On the basis, Quent et al., 
2010 concluded that such metabolic assays are subject to several variables and are 
therefore not the finest methods for evaluating cell proliferation, knowing the chemical 
reliance on the efficiency of metabolic enzymes.  

Some of the discrepancies of MTT assay result have been well reviewed by 
Stockert et al., 2018 stating that in following MTT incubation, and in addition to the 
cytoplasmic granules, a variable quantity of extracellular needle- shaped formazan 
crystals can be detected but the foundation of this occurrence has not yet been 
clarified. The manifestation of extracellular formazan deposits could present a serious 
error when measuring cell viability, giving rise to incorrect positive values. As such, MTT 
can also be reduced by the cell culture medium alone to form extracellular formazan 
(Young et al., 2005).  

Another limitation carried out was the effect of the sample compound; its 
chemical nature of supplement that affected and increased the mitochondrial 
dehydrogenase activity of cells leading to MTT false positive result, therefore, DNA-
based staining methods was used and establishing the measurement of cellular DNA 
indicates the relative cell number since cellular DNA content is highly regulated (Wang 
et al., 2010). So, assuming that the cinnamon oil comprising several compounds aside 
from cinnamaldehyde, and benzimidazole derivatives might contributed to the 
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increase of enzymatic activity of the cells. But this hypothesis should be clarified in 
the future,  

CV assay is a non-enzymatic and simple assay for the faster analysis of viable 
adherent cells and colonies, which lacks the restrictions of undermining the accuracy 
of metabolic enzyme-activity based assay. This kind of assay associated between dye 
affinities to DNA surface.  The amount of absorbed dye depends on the total DNA 
content in the culture that was correlated to the number of viable cells in the culture 
(Sliwka et al., 2016) .  Thus, this study used metabolism independent-CV assay and 
metabolic activity- dependent MTT assay to evaluate the cell viability due to the 
possible delimitations of using a single assay linked with the risk of erroneous 
interpretation. 
 

Figure 4 Percent viability of MARC-145 cells treated with various concentrations of 
cinnamon essential oil as determined by CV assay (A) and MTT assay (B)  
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Antiviral assay  
The antiviral activity of cinnamon essential oil from two cinnamon bark sources 

was summarized in Table 8. The selected concentrations of each extract were non-
cytotoxic to MARC-145 cells. Three 10-fold dilutions of the non-cytotoxic concentration 
of the samples were also tested to significantly screen the substantial effect of the 
decreasing extract concentration on the virus proliferation. The pre-infection entry of 
virus showed low to moderate anti-PRRSV effect of cinnamon oil 1 (C. iners) ranging 
from 16% to 22% virus inhibition. While 2 nl/ml cinnamon essential oil 2 (C. burmannii) 
showed only 9% inhibition in pre-infection of virus. On the other hand, in post virus 

Figure 5 Percent viability of MARC-145 cells treated with various concentrations of 
benzimidazole derivative from C. iners and C. burmannii as determined by CV assay 
(A) and MTT assay (B)  
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entry, only cinnamon oil 1 reduced PRRSV with 38% to 50% viral reduction .Conversely, 
cinnamon oil 2 reduced 51 %viral titer at the post-infection treatment. 
 
Table 8 Antiviral activity of cinnamon essential oil and cinnamaldehyde-derived 
benzimidazole by TCID50 endpoint dilution/CPE assay 

Extract Unit Concentration 
% inhibition 

Pre-virus 
entry 

Post-virus 
entry 

Cinnamon oil 1 
(from C. iners) 

nl/ml 

4 22% 41% 
0.4 16% 50% 

0.04 0% 38% 

Cinnamon oil 1 
(from C. 

burmannii) 

2 9% 51% 
0.2 3% -13% 

0.02 3% 23% 

Benzimidazole  1 

ng/ml 

312.5 0 % 0 % 

31.25 4 % -22 % 

3.125 0 % -17 % 

Benzimidazole 2 

156 -62% 00 % 

15.6 -24% 4 % 

1.56 0% 0 % 

The antiviral evaluation was of cinnamaldehdye-derived benzimidazole was 
also summarized in Table 8.  In pre-virus entry, benzimidazole 1 presented no PRRSV 
inhibitory effect with 0 to 4%  inhibition.  PRRSV titer was increased 62%  by 
benzimidazole 2 on pre-infection treatment.  It showed induction of PRRSV replication 
rather than inhibition.  

In post infection treatment, neither benzimidazole 1 nor benzimidazole 2 
inhibited PRRSV replication.   Instead, benzimidazole 1 did enhance PRRSV replication 
by up to 22%, while benzimidazole 2 inhibited PRRSV replication by up to 20%. 

In plaque titration assay, the last dilution factor of the treatment showing 
plaques were compared to control set up. Unfortunately, only cinnamon oil of C. 



 32 

burmannii showed 11% and cinnamon oil from C. burmannii exhibited 42% plaque 
reduction in pretreatment infection (Appendix Table 1). 

To overcome the difficulties in PRRSV uncountable plaques, cytopathic effect 
was observed and TCID50 values were calculated. The significant role in TCID50 assay 
is the quality of the CPE because the infected cells were difficult to visualize.  PRRSV 
produced cytopathic effect on MACR- 145 cells characterized by cell rounding, 
shrinkage, shape deterioration and detachment (Appendix figure 11) .  But in this case, 
the result of plaque assay was not parallel to CPE assay as the theoretical relationship 
between TCID50 and PFU is approximately 1 PFU =  0. 69 TCID50.  Some of the 
drawbacks might encountered on its utilization such as counting the different 
morphologies of a given plaque as negative or the PRRSV strain used in the experiment 
might not cause adequate level of cellular damage to be visualized as plaque.  The 
ambiguity as to the state of given plaque have been also observed in other positive-
sense single stranded RNA virus wherein such effects on the assay utilization, as the 
native variability of the assay can result to coefficient of variation ranging 5%-44% or 
higher (Bae, 2003; Shurtleff, 2012). 

The moderate antiviral activity of cinnamon essential oil is due to 
cinnamaldehyde’ s instability.  The bioactivity of essential oil was described to their 
main component (Burt, 2004; Ojeda-Sana et al., 2013). However, the involvement and 
synergistic effect of different compounds in essential oil may be attributed to their 
pharmacological and pharmacokinetic properties (Hussain et al., 2010; Jantan et al., 
2008; Ojeda-Sana et al., 2013) .  Cinnamon essential oil is composed of small quantity 
of volatile compounds, other than cinnamaldehyde, such as eugenol.  Eugenol was 
also recorded to have antiviral property against Influenza A virus (Dai et al., 2013) and 
HSV (Dai et al., 2013) .  Studies on both cinnamaldehyde and hydrodistilled essential 
oil of cinnamon bark showed significant inhibitory effect on H1N1 influenza virus 
proliferation.  It was concluded that these compounds induced expression of IFN-B in 
MDCK cells, which is a key antiviral cytokine, by stimulating the TLR-7 and IRAK-4 
pathway (Liu et al., 2015) .  In contrast, the natural occurring trans- cinnamaldehyde 
from essential oils has low antiviral property alone against viruses but can increase its 
efficacy when synthesized with derivatives and carrier (Goswami and Rahman, 2010; Li 
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et al., 2017) .  Therefore, the moderate anti-PRRSV replication or considerable viral 
induction may be implied with the principal component cinnamaldehyde or synergistic 
cascade reactions by both cinnamaldehyde and other minute components of 
cinnamon essential oil.  The results indicate that cinnamaldehyde- derived 
benzimidazole has anti-PRRSV activity, and rather it enhances PRRSV replication in both 
pre- virus and post- virus entry studies.  Similar results have been reported showing 
benzimidazole derivatives with no selective antiviral activity against selected RNA and 
DNA viruses including HIV-1, BVDVM YFV, DENV-2, WNV, HBV, and HCV (Budow et al., 
2009) .  In line with this, various benzimidazole derivatives such as 5- methoxy- l-
methylbenzimidazole and 5- methyl- 2- n- ribobenzimidazole enhances viral 
multiplication (Tamm, 1973).  

Cinnamaldehdye itself has been recorded to have antiviral activity on positively 
stranded RNA virus. It increases the survival rate of mice with coxsackievirus B3 (CVB3)-
induced viral myocarditis (VMC) because viral titer reduction (Ding et al., 2010). When 
applied in-vivo, cinnamaldehyde decreased CVB3 mRNA levels in virally infected 
cardiomyocytes. In terms of pro-inflammatory cytokine expression having an essential 
role on the susceptible environment for positively RNA replication, cinnamaldehyde 

inhibits TNF-α and IL-1β (Zhang et al., 2012). On the other hand, cinnamaldehyde 
inhibited RNA virus (influenza A/PR/8) in madin darby canine kidney cells revealed by 
RT-PCR and SDS-PAGE analyses. It showed that cinnamaldehyde inhibited viral protein 
synthesis at the post-transcriptional level of influenza virus A/PR/8 (Hayashi et al., 2007. 
However, cinnamon oil and cinnamaldehyde significantly increased the IFN-B secretion 
of virus infected MDCK cells. Cinnamaldehyde and cinnamon essential oil could 
significantly improve the expression levels of TLR7 and IRAK-4 in RNA virus infected 
cell, while showed no impacts on the expression level of TLR3 and TRAF-3 mRNA. This 
indicated that the mechanism against RNA virus was related to the high expression of 
IFN-B, which stimulated the TLR7 signal pathway and improving the expression of 
essential protein IRAK-4. IRAK-4 expression was one of the key ways to increase IFN-B 
expression induced by cinnamaldehyde and volatile oil. Since there were many 
subtypes of TLRS, further researches were still needed on whether cinnamaldehyde 
and volatile oil affected the adjustments of other pathways, whether essential oil 
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reduced the TLR3 mRNA expression of infected MDCK cells, and whether other 
chemical components in volatile played the function of negative feedback (Li et al., 
2015). These existing records may suggest that cinnamaldehyde and cinnamon oil 
targeted the RNA virus like PRRSV directly, enhanced the antiviral cytokine expression 
or obstructed the pro-PRRSV cytokines. 

Condensation of o-phenylenediamine and 3-phenyl-2-propenal 
(cinnamaldehyde) yields cinnamaldehyde-derived benzimidazole (Scheme 2). There is 
no recorded anti-PRRSV evaluation report of 2-(2-phenylethenyl)-1H-benzimidazole on 
MARC-145 cells. However, many antiviral reports of 2-substituted benzimidazole 
products from the condensation reaction of o-phenelenediamine and aldehydes were 
recorded (Tonelli et al., 2010; Tonelli et al., 2014). The chemical structure activity 
relationship (SAR) study between the synthesized compound and its 
pharmacological/pharmacokinetic activity is substantial. Numerous structures of 
benzimidazole derivatives resulted to their various therapeutic functionalities and their 
potent modulation that may imply to antiviral specificity (Tonelli et al., 2014). 
Depending on the functional group position, the antiviral mechanism can be varied, 
such as the synthesized benzimidazole by Boido et al., (2009), acting against RSV and 
HCV. Another instance of study on series of non-halogenated, brominated, chlorinated 
benzimidazole derivatives have no significant antiviral activity against selected positive-
sensed RNA viruses, i.e. HIV-1, BVDV, YFV, and WNV (Budow et al., 2009). Contrary to 
PRRSV enhancement result of 2-(2-phenylethenyl)-1H-benzimidazole,  Pan et al. (2015) 
found that 2-substituted benzimidazole with N,N-dialkyl amine, m-methoxy and p-
hydroxyl derivatives showed significant anti-HIV-1 replication whereas derivative N,N-
dialkyl amine is required for anti-HIV-1. A set of derived benzimidazole compounds 
were tested against HCV and inclusion of methyl group in the ring system showed 
significant anti-HCV property (Tsay et al., 2013). It was also reported that pyridine at 
the C2 of benzimidazole ring have the most observed antiviral activity against coxsackie 
virus and echo virus (Starčević et al., 2007). These evidences recognized that the 
structural position or functional group substituted to the benzimidazole ring system 
may attribute to the enhancement or suppression of virus mechanism. In this case, 
benzimidazole derivative synthesized from o-phenelenediamine and cinnamon oil’s 
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cinnamaldehyde that affords the proposed compound (2-(2-phenylethenyl)-1H-
benzimidazole) induced the viral replication and its 2-substituted structure may imply 
the enhancement of PRRSV proliferation in MARC-145 cells. Aside from this, the 
enhancing activity of derived benzimidazole may activated the overexpression of 
proviral cytokine interleukin (e.g. IL-10), may suppressed the type IFN 1 network system 
or activate other significant signaling pathway to permit PRRSV to replicate well than 
expected. These assumptions were drawn but needs to be clarified in the future 
research. 



CHAPTER 5 
SUMMARY, CONCLUSION AND RECOMMENDATION 

 
 This study evaluated the antiviral potential of cinnamon essential oil from two 
Cinnamomum species, i. e.  C.  iners and C.  burmannii and cinnamaldehyde-derived 
benzimidazole (2-(2-phenylethenyl)-1H-benzimidazole) against PRRSV grown in MARC-
145 cells.  Essential oil was obtained by hydrodistillation while benzimidazole 
derivative was synthesized by the condensation of o-phenylenediamine and cinnamon 
essential oil mainly comprised with 3-phenyl-2-propenal (cinnamaldehyde). The test 
compounds were subjected to TLC, FT-IR, cell viability tests. Assessment of anti-PRRSV 
activity was conducted by CPE and PFU assay with concentration of samples that are 
non- cytotoxic to the cell line.   Results showed that cinnamon essential oil from C. 
iners have moderate to low antiviral property with 0% to 22% viral titer reduction on 
pre- treatment infection while cinnamon oil from C.  burmannii also exhibited modest 
PRRSV titer reduction with 51% inhibition.  Contrasting result was obtained with the 
two synthesized benzimidazole derivatives.  The cinnamaldehyde- derived 
benzimidazole (2- ( 2- phenylethenyl) - 1H- benzimidazole)  enhanced the PRRSV 
replication on MARC-145 cells in which viral titer was increased up to 62 % after pre-
treatment infection and 17% after post treatment infection. Formation of plaques by 
the virus was also not reduced by the derived-benzimidazole while cinnamon essential 
oil reduced the plaque formation up to 42%. 
In conclusion, cinnamon essential oil has average anti-PRRSV replication. The low to 
moderate potency of cinnamon essential oil may be interrelated with its chief 
compound cinnamaldehyde, and/or the synergistic or cascade effect of its various 
chemical compounds.  On the other hand, cinnamaldehyde-derived benzimidazole (2-
(2-phenylethenyl)-1H-benzimidazole) induced the in vitro viral replication mechanism 
of PRRSV on MARC-145 cells. Such enhancing property was decreased when tested in 
serially 10-fold diluted benzimidazole derivative. The enhancing property was 
replicable in three independent experiments. Further investigation is required to 
elucidate the PRRSV enhancing effect of this synthesized derivative. Studies on 



 37 

synthesizing cinnamaldehyde structure have to be carried out to enhance the efficacy 
of this organic compound on its anti-PRRSV properties. Nonetheless, our findings 
suggest that cinnamaldehyde-derived benzimidazole has limited potential for anti-
PRRSV purpose. 
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Appendix Table 6 Percentage inhibition of cinnamon essential oil 

EXTRACT Conc. (nl/ml) 

Pre-infection Post-infection 
log 

TCID/m
l 

% 
Inhibition 

log 
TCID/ml 

% 
Inhibition 

Cinnamon oil 1 
(from C. iners) 

4 4.3 21.81818 4.3 41.09589 
0.4 4.6 16.36364 3.6 50.68493 

0.04 5.5 0 4.5 38.35616 

Cinnamon oil 2 
(from C. 

burmannii) 

2 5 9.090909 3.6 50.68493 

0.2 5.3 3.636364 8.3 -13.6986 
2 5.3 3.636364 5.6 23.28767 

Control    5.5   7.3  
 

Appendix Table 5 Percentage inhibition of cinnamaldehyde derived 
benzimidazole 

EXTRACT Conc. 
(nl/ml) 

Pre-infection Post-infection 

log 
TCID/ml 

% 
Inhibition 

log 
TCID/ml 

% 
Inhibition 

Benzimidazole 

1 

312.5 4.5 0 4.5 0 

31.25 4.3 4.444444 5.5 -22.2222 

3.125 4.5 0 5.3 -17.7778 

Benzimidazole 

2 

156 7.3 -62.2222 3.6 20 

15.6 5.6 -24.4444 4.3 4.444444 

1.56 4.5 0 4.5 0 
Control    4.5   7.3  
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Appendix B. Figures 

A B C 

D E F 

A B 

Appendix figure 2 Chemical Compound Isolation:  A.  Sample cinnamon bark:  B. 
Simple hydrodistillation setup; C.  Distillate product containing cinnamaldehyde; D. 
Separation of Cinnamaldehyde; E.  Rotary evaporation of excess solvent; F.  Reflux 
set up 

Appendix figure 1 Product Sample A. Cinnamon essential 
oil; B. Cinnamaldehyde-derived benzimidazole 
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Appendix figure 4 Visible chromatogram of test samples on TLC plate under the 
UV light.  A.  Cinnamon essential oil chromatogram from C.  iners; B.  Cinnamon 
essential oil chromatogram from C. burmannii; C. Chromatogram of benzimidazole 
derivatives  synthesized from C.  iners ( Benzimidazole 1)  and C.  burmannii 
(Benzimidazole 2) 

Appendix figure 3 TLC and FT- IR.  A.  TLC chamber; B.  Laboratory equipment in 
desiccator chamber used for FT- IR spectroscopy C.  Actual FT- IR machine used in 
the study 
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Appendix figure 5 FT-IR spectrum of cinnamaldehyde reference 

Appendix figure 6 FT-IR spectrum of cinnamon essential oil from C. iners 
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Appendix figure 7 FT-IR spectrum of essential oil from C. burmannii 

Appendix figure 8 FT-IR spectrum of cinnamaldehyde-derived benzimidazole 
from C. iners 
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Appendix figure 9 Cytotoxicity assay setup.  A.  Monolayer of MARC- 145 cells 
treated with samples; B. MTT assay setup C. CV assay setup; D. Actual microplate 
reader used in the study 
 

A B 

C D 

Appendix figure 10 FT-IR spectrum of cinnamaldehyde-derived benzimidazole from C. 
burmannii 
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C D 

Appendix figure 11 Cytopathic effect assay A.  CPE assay set up 
in CO2 incubator; B.  Observation of MARC- 145 cells under 
inverted microscope; C. Uninfected or mock MARC-145 cell line; 
D. Infected MARC-145 cell line 
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Appendix figure 12 Plaque forming unit assay A. PFU assay 
setup in 24-well plate inside CO2 incubator; B. PFU assay 
stained with coomassie brilliant; C. Plaques formed in wells 
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Appendix C. Calculations 
 

1. Calculating viral concentration using Reed and Muench TCID50  

 The 50% tissue culture infectious dose (TCID50) method allows to simply add 

up the total number of positive wells from the plate and convert it to a titer that 

represents an endpoint. The procedure was performed to determine the infectious 

titer of PRRSV which caused cytopathic effects (CPE) in MARC-145 cell culture over a 

reasonable period of 4 days while cells in culture remain viable. Using the following 

formula, TCID50/ml was determined. 

 

A.  Proportionate Distance  (PD)= (% CPE at dilution above 50%) – (50%) 

(% CPE at dilution above 50%) – (% CPE at dilution 

below 50%) 

 

B.  -Log = dilution above 50% CPE ratio (i.e. 10-3 would be -3) 

C.  ((PD)+(-log(dilution interval)) 

D.  TCID50 = 10(B+ C) 

E.  This will give the dilution of the original suspension that would be equal 

to the TCID50.   The reciprocal would give you the # of TCID50 in the 

original suspension applied to the wells (usually 0. 1 or 0. 2 ml) .   To 

determine the titer per ml, multiply by the reciprocal of the volume of 

the inoculum, then convert to log10.   
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2. Calculating viral titer based on the plaque assay method 

 To calculate the plaque forfing unites ( pful)  per ml, count the number of 

isolated plaques in each wells. Then use the following formula to determine the titer 

(pfu/ml) of your viral stock. 

 

pfu/ml  =  Average number of plaques 

        A X B 

Where, 

 A = dilution factor 

 B = Volume of diluted virus added to the well 
 

3. Calculation of Essential oil Percentage Yield 

Assume we are converting between gram (water) and milliliter. The SI derived 

unit for volume is the cubic meter where 1 cubic meter is equal to 1000000 g, or 

1000000 ml, therefore 1 mL = 1 g of the sample.  The following formula was used to 

determine the essential oil percentage yield. 

 

% essential oil yield  = 
mass of cinnamon bark

 mass of essential oil
×100 

 

 

4. Benzimidazole derivative percentage yield 

First, check to see if the reaction is balanced. Identify the moles of each reagent 

used in the reaction to determine the limiting reactant (1,2 phenylenediamine) which 

has the lesser amount of moles. 
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Moles of reagent = 
mass (g)

 molecular weight (g/mol)
 

 

Then, calculate the theoretical yield of the chemical reaction using the 

following formula. 

 

Theoretical yield (g) = mole of limiting reactant (mol)  X  molecular 

weight of product (benzimidazole derivative) (g/mol) 

 

The following was used to calculate the percent yield of product in the chemical 

reaction.  

% yield of benzimidazole derivative = 
actual yield

 theoretical yield
×100 
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