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Abstract  

An assessment was made of the antiviral and antibacterial activities of paeony, 

Paeonia lactiflora Pallas (Paeoniaceae), root constituents and structurally related 

compounds against two serotypes of human rhinovirus, HRV-2 and HRV-4, in HeLa 

ATCC CCL–2 (a human cervix epithelial cell line) and MRC5 CCl-171 (a normal human 

lung fibroblast cell line) and antibiotic-susceptible and -resistant strains of Helicobacter 

pylori and human intestinal bacteria (nine harmful bacteria and eight lactic acid-

producing bacteria). Modes of antiviral and antibacterial action also were examined using 

molecular and biochemical techniques. 

The antiviral activities of 1,2,3,4,6-penta-O-galloyl--D-glucopyranose (PGG), 

paeonol (PA), and gallic acid (GA) identified in paeony root against HRV-2 and HRV-4 

were evaluated using a tetrazolium assay. Results were compared with those of ribavirin, 

a broad spectrum antiviral agent. PA and ribavirin did not cause cytotoxicity to both cell 
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lines (CC50, >500 μg/mL). PGG exhibited low toxicity to both cell lines (CC50, ~102 

μg/mL). GA caused high toxicity to MRC5 (CC50, 37.0 μg/mL), whereas it caused very 

low toxicity to HeLa cells (CC50, 255.2 μg/mL). Based on fifty percent inhibitory 

concentration (IC50) values, PGG was the most active compound against the HRVs (10.9 

and 13.53 g/mL in HeLa cells; 16.83 and 16.31 g/mL in MRC5 cells to HRV-2 and 

HRV-4, respectively), followed by GA (72.6 and 76.23 g/mL in HeLa cells to HRV-2 

and HRV-4, respectively). GA did not inhibit the viruses in the MRC5 cells. Ribavirin and 

PA exhibited high and moderate activity, respectively against the HRVs in both cell lines 

(IC50, 58‒79 g/mL and 82‒101 g/mL, respectively). PGG and PA inhibited RNA 

replication of HRV-2 and HRV-4 and also reduced expression of rhinovirus receptors and 

inflammatory cytokines induced by the two HRV serotypes. Quantitative structure–

activity relationship (QSAR) of paeonol and 10 structurally related compounds in MRC5 

cells indicates that structural characteristics, such as types of functional groups and 

carbon skeleton appear to play a role in determining the anti-rhinovirus activity. The 

introduction of methoxy group(s) into acetophenone may be required for rhinovirus 

inhibition. 

The growth-inhibiting, bactercidial, and urease inhibitory activities of PA, benzoic 

acid (BA), methyl gallate (MG), and PGG identified in paeony root, structurally related 

compounds, root steam distillate constituents, and four antibiotics toward three reference 

strains and four clinical isolates of H. pylori were assessed using broth dilution bioassay 

and Western blot. BA and PA showed strong bactericidal effect at pH 4, while MG and 

PGG were effective at pH 7. These constituents exhibited strong growth-inhibiting and 
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bactericidal activity toward the five strains resistant to amoxicillin (minimal inhibitory 

concentration (MIC), 12.5 mg/L), clarithromycin (64 mg/L), metronidazole (64 mg/L), or 

tetracycline (15 mg/L), indicating that these constituents and the antibiotics do not share a 

common mode of action or elicit cross-resistance. QSAR of paeonol and 10 structurally 

related compounds indicates that structural characteristics, such as types of functional 

groups and carbon skeleton, and hydrophobicity appear to play a role in determining the 

anti-H. pylori activity. H. pylori urease inhibitory activity of PGG was comparable to that 

of acetohydroxamic acid, while MG was less potent at inhibiting urease than thiourea. 

The UreB band disappeared at 250 mg/L PGG on Western blot, while the UreA bands 

were fainted visible at 1,000 mg/L PGG. These constituents showed no significant 

cytotoxicity to three human cell lines, HeLa, MRC5, and A549 (a human lung carcinoma 

cell line). High potent anti-H. pylori activity was also produced by steam distillate and its 

constituents. Thymol, α-terpinolene, (1R)-(‒)-myrtenol, (1S,2S,5S)-(‒)-myrtanol, (‒)-

perilla alcohol, (‒)-borneol, (1R)-(‒)-myrtenal and paeonol showed high activity (MIC, 

40–160 mg/L). The other constituents of the SD showed moderate or weak activity. The 

steam distillate exhibited strong growth-inhibiting and bactericidal activity against the 

five resistant strains indicating that these strains were lack of mechanisms of resistance to 

the steam distillate. In addition, the steam distillate inhibited H. pylori colonization in 

mouse stomach. 

The growth inhibitory activities of paeony root steam distillate constituents and 

structurally related compounds against nine harmful intestinal bacteria and eight lactic 

acid-producing bacteria were compared with those of two antibiotics, amoxicillin and 

tetracycline. Thymol, α-terpinolene, (‒)-perilla alcohol, and (1R)-(‒)-myrtenol exhibited 
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high to extremely high levels of growth inhibition of all the harmful bacteria, whereas 

thymol and α-terpinolene (except for Lactobacillus casei ATCC 393) inhibited the growth 

of all the beneficial bacteria (MIC, both 0.08–0.62 mg/mL). Tetracycline and amoxicillin 

exhibited extremely high level of growth inhibition of all the test bacteria (MIC, 

<0.00002–0.001 mg/mL). 1,8-Cineole, geraniol, (‒)-borneol, (1S,2S,5S)-(‒)-myrtanol, 

nerol, (S)-(‒)-β-citronellol, and ()-lavandulol also exhibited inhibitory activity but with 

differing specificity and levels of activity. Structure–activity relationship indicates that 

structural characteristics, such as geometric isomerism, degrees of saturation, types of 

functional group and types of carbon skeleton, appear to play a role in determining the 

growth-inhibiting activity of monoterpenoids. 

In conclusion, global efforts to reduce the level of antibiotics justify further studies 

on P. lactiflora root-derived materials as potential antiviral or antibacterial products, or 

lead molecules for the prevention or eradication of human diseases caused by rhinovirus, 

H. pylori, and harmful intestinal bacteria such as clostridia. 

Keywords: Paeonia lactiflora root, natural growth inhibitor, natural bactericide, 

gatrointestinal bacteria, Helicobacter pylori, human rhinovius, antibiotic resistance, 

urease, terpenoids, structure– activity relationship 

Student number: 2007 – 30696 
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Introduction 

Human rhinoviruses (HRVs) are known to be one of the most frequent causative 

agents of mild upper respiratory tract infections, or common colds (Stanway et al., 1984; 

Rollinger and Schmidtke, 2010). Although the majority of infections produce only mild 

disease, their impact on overall morbidity and their economic cost worldwide is very 

considerable (Papadopoulos et al., 2009). Moreover, their role in acute exacerbations of 

asthma and other airway disease such as pneumonia and wheezing in children and 

chronic obstructive pulmonary disease (COPD) in adults (Arruda and Hayden, 1995; 

Atmar et al., 1998; Collinson et al., 1996; Friedlander and Busse, 2005; Khetsuriani et al., 

2007) has been demonstrated, revealing a more sinister nature than previously thought 

(Papadopoulos et al., 2009). Helicobacter pylori is associated with chronic superficial 

gastritis (stomach inflammation) and plays a role in the pathogenesis of peptic ulcer 

disease, gastric carcinoma and lymphoma (Taylor and Parsonnet, 1995; Dunn et al., 

1997). Intestinal bacteria including harmful and beneficial species play important roles in 

human health and diseases (Mitsuoka, 1996, Guarner and Malagelada 2003, Cani and 

Delzenne, 2009). In addition, the frequent appearance of viral or bacterial infections and 

their economic importance in terms of employee absenteeism, physician visits, and 

medication costs make it a subject of primary importance (Alper et al., 1996; Patick, 

2006; Lloyd and Wodarz 2006). Eradication of pathogenic bacteria has been achieved 

principally by the use of conventional antibiotics. However, sometimes serious side 

effects occur, such as taste disturbances, nausea, diarrhea, dyspepsia, headache, and 

angioedema (Dunn et al., 1997, Miguel et al., 2008, Stenström et al., 2008), as well as 
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disturbance of human gastrointestinal microflora (Adamsson et al., 1999). In addition, 

widespread use of antibiotics has often resulted in the development of resistance in HRVs 

(Bertino, 2002; Ward, 2002), H. pylori (Dunn et al., 1997; Frenck and Clemens, 2003; 

Mégraud, 2004), or harmful intestinal bacteria (Quigley and Quera, 2006). These 

problems substantiate a critical need for the development of new improved antiviral or 

antibacterial agents with novel target sites because a commercial vaccine is still not 

available. 

Secondary metabolites extracted from plants, particularly higher plants, may provide 

potential sources of antiviral or antibacterial agents (Perez, 2003; Liu and Yaniv, 2005, 

Thomson, 2007). This approach is appealing, in part, because they constitute a potential 

source of bioactive chemicals that have been perceived by the general public as relatively 

safe and often act at multiple and novel target sites (Raskin et al., 2002), thereby reducing 

the potential for resistance. Much effort has been focused on plant preparations and their 

constituents as potential sources of commercial antiviral or antibactrerial products for 

prevention or eradication of HRV or pathogenic bacteria. Historically, herbaceous peony, 

Paeonia lactiflora Pallas (Paeoniaceae), root is used as analgesic, hemostyptic and 

bacteriostatic agents (Jiangsu New Medical School, 1977; Tang and Eisenbrand, 1992). 

The peony root contains the monoterpene glycosides (albiflorin, benzoylpaeoniflorin, 

oxypaeoniflorin and paeoniflorin), the monoterpenes (lactoflorin, paeoniflorigenone and 

paeonilactones), benzoic acid and its esters, and gallotannins (He et al., 2010). No 

information has been obtained concerning the potential of peony-derived materials to 

control or modulate HRV, H. pylori, or pathogenic intestinal bacteria, although 

pharmacological actions of the genus Paeonia have been well described by He et al. 
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(2010). 

In this study, an assessment is made of the antiviral and antibacterial activities of 

peony root constituents and structurally related compounds and root steam distillate 

constituents against to HRV-2 and HRV-4, in HeLa ATCC CCL–2 (a human cervix 

epithelial cell line) and MRC5 CCl-171 (a normal human lung fibroblast cell line), 

antibiotic-susceptible and -resistant strains of H. pylori, and intestinal bacteria (nine 

harmful bacteria and eight lactic acid-producing bacteria). The antiviral and antibacterial 

activities of the test compounds were compared with those of currently available drugs 

ribavirin and amoxicillin, clarithromycin, metronidazole and tetracycline, respectively, to 

assess their use as future commercial antiviral or antibacterial products. Quantitative 

structure–activity relationships (QSAR) of the test compounds are also discussed. 

Possible modes of antiviral and antibacterial action also were examined using molecular 

and biochemical techniques. 
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Literature review 

1. Human rhinoviruses 

Human rhinoviruses (HRVs) are the most important etiological contributors to 

respiratory disease. They are the major causative agents of the upper respiratory tract 

infections (URIs), the so called common colds in human (Stanway et al., 1984; Rollinger 

and Schmidtke, 2010). 

HRVs impose a significant economic burden as a result of school absenteeism, parent 

taking time off work to care for their sick children, and monetary expenditures on 

symptomatic treatments (Alper et al., 1996). URIs often precede the development of 

pathology in anatomically contiguous structures, such as the eustachian tube, the middle 

ear (Doyle et al., 1988; McBride et al., 1989), the paranasal sinuses, and the lower 

airways (Hamory et al., 1979). More recent studies have linked HRV infections to more 

severe lower respiratory illnesses in otherwise healthy young children (Miller et al., 2007; 

Monto et al., 2001), the elderly (Hicks et al., 2006), and the immunocompromised 

patients (Ghosh et al., 1999). In most individuals, the HRV infections are mild and self-

limiting. However, in patients with underlying respiratory disorders, the infections may 

cause exacerbations of asthma, chronic bronchitis, cystic fibrosis, and chronic obstructive 

pulmonary disease (Arruda and Hayden, 1995; Atmar et al., 1998; Collinson et al., 1996; 

Friedlander and Busse, 2005; Khetsuriani et al., 2007). In 2001, the socio-economic 

burden for noninfluenza virus-related respiratory infections due to expenses for 

medication and working days lost amounted to 40 billion USD in the US (Waterer and 

Wunderink, 2009). In addition, direct and indirect costs from such complications in 
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asthmatics amount to 60 billion USD per year in the US (Weiss and Sullivan, 2001). 

Global spending for respiratory infections can be estimated to be in the trillion USD per 

year (Waterer and Wunderink, 2009). 

1.1. Classification and structure of rhinovirus 

Rhinoviruses, including human rhinovirus serotypes, bovine serotypes, and equine 

serotypes share common features of the family Picornaviridae, one of the largest families 

of known human and animal pathogens (Couch, 1990; Reuckert, 1990; Melnick,1990; 

King et al., 2000), namely a 25–30 nm capsid of icosohedral symmetry, made up of 60 

copies (protomers) and enclosing a single-stranded RNA genome (Fig. 1) of 

approximately 7500 nucleotides (Dimmock, 1966; Medappa et al., 1971; Rossmann and 

Johnson, 1989). The RNA is of positive polarity, is poly-adenylated at its 3' terminus and 

has a small protein, VPg, covalently attached to the 5' terminus (Nair and Owens 1974; 

Gauntt, 1980). 

 

Fig. 1. Genome organization of human rhinoviruses. Vpg, genome linked protein; P1, 

capsid protein region; P2 and P3, nonstructural protein regions associated with replication; 

ntr, nontranslated region (Blaas and Skern, 2001). 

Picornaviruses are currently devided into the nine genera: Enterovirus, Rhinovirus, 

Cardiovirus, Aphthovirus, Hepatovirus, Parechovirus, Erbovirus, Kobuvirus, and 

Teschovirus (Flint et al, 2004), with 22 species and a multitude of serotypes (Le Gall et 
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al., 2008). The rhinoviruses are closely related to the genus Enterovirus (Oberste et al., 

2004) of Picornaviridae; the differentiating feature of the rhinoviruses is their acid 

liability. They lose infectivity (100-fold decrease in 50% tissue culture infectious doses 

(TCID50)) when exposed to pH 3.0 for 1 h, and the optimal temperature for intracellular 

replication is 33–34oC, compared with 37oC for enteroviruses (Couch, 2006). 

The proteins of the virus are designed to be stable, but not too stable. They must be 

fairly sturdy to allow the virus to pass from host to host through the hostile environment. 

At the same time, they must be able to fall apart when they enter the cell, releasing the 

RNA inside. An orchestrated set of structural changes occurs as the virus attaches to the 

surface of the cell and is drawn inside, allowing the virus to deliver its RNA into the 

unwitting host. The rhinovirus genome (Fig. 1) contains just enough information to direct 

the construction of eleven proteins. These include the four separate proteins for its capsid 

(Fig. 2), four proteins that replicate its RNA, two proteins to clip each of these proteins 

into the proper shape, and one additional protein with as-yet obscure function (Couch, 

2006). 

 

Fig. 2. Structure of rhinovirus (a) and its interaction with the intercellular adhesion 

molecule 1 (ICAM-1) receptor and antibody IgG (b) (Couch, 2006). 
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Each protomer is composed of four proteins designated viral protein 1A, 1B, 1C, and 

1D. Proteins 1B, 1C, and 1D are on the surface, whereas 1A is internal next to the RNA. 

The 60 protomers are arranged as 12 pentamers, each of which is pyramidal in shape with 

a canyon surrounding the vertex (Fig. 2). The 1B, 1C, and 1D proteins have the same 

folding pattern. Two opposes -sheets contain four antiparallel strands; the resulting 

wedge-like shape ensures compact fitting of proteins in a uniform manner to preserve 

shape and still permit variability in amino acid composition (Couch, 2006). 

 

 

Fig. 3. Schematic diagram (left) and three-dimensional cryoreconstruction of HRV-14 

from cryo-electron micrographs: three viral proteins (VP1, VP2, and VP3) and four 

classes of neutralizing antibodies: NIm-IA and NIm-IB map to VP1, and NIm-II and 

NIm-III map to VP2 and VP3, respectively. The canyon was first recognized in the crystal 

structure analysis of HRV-14 and hypothesized to be an important site of cellular 

recognition (Rossmann et al., 1985).  
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The immune system is the major defense against viral invasion in higher animals. 

Four classes of neutralizing antibodies (Nim-IA, NIm-IB, NIm-II, and NIm-III) have 

been genetically mapped to viral epitopes on the surface proteins of HRV-14 (Fig. 3) 

(Baker et al., 1999, Rossmann et al., 1985). For HRV-14, there are 60 sets of four types of 

distinctly different, non-overlapping epitopes. Possibly a new rhinovirus serotype occurs 

whenever there has been a significant change in each of the four epitopes. The three 

major classes identify epitopes in the VP1 (NIm-IA and NIm-IB), VP2 (NIm-II), and 

VP3 (NIm-III) viral coat subunits. These epitopes lie either on the “north” (NIm-I) or 

“south” canyon rims (NIm-II and NIm- III) (Fig. 3) (Baker et al., 1999). 

 

Fig. 4. ssRNA (+) genome of rhinovirus, polyprotein cleavage products and their function. 

Viral genomic RNA has a viral protein at its 5’ end instead of a methylated nucleotide 

cap structure. The long UTR at the 5’ end contains an internal ribosome entry site. The P1 

region encodes the structural polypeptides. The P2 and P3 regions encode the 

nonstructural proteins associated with replication. The shorter 3’ UTR is important in (‒) 

strand synthesis (Hulo et al., 2012). 
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1.2. Rhinoviruses and their replication 

HRV infection typically involves the following sequence of events: i) virus binding 

to the respective cognate receptors at the plasma membrane, ii) entry into the cell by 

receptor-mediated endocytosis, iii) transition from the native virus to a hydrophobic 

subviral particle, iv) release of the viral RNA (uncoating), v) RNA penetration into the 

cytoplasm, vi) synthesis of viral proteins, vii) RNA replication and viii/ assembly and 

release of new, infectious virions (Fuchs and Blaas, 2012). 

Replication of rhinoviruses takes place entirely in the cytoplasm of infected cells 

(Ruekert, 1996). The receptor-binding site for initiation of infection with a rhinovirus is 

located deep in the floor of the virion ‘canyon’ (Couch, 2006). The receptor for the 

majority of rhinoviruses (major rhinovirus group) is intercellular adhesion molecule 1 

(ICAM-1), which inhibits an immunoglobulin-like configuration (Fig. 2). The cell 

receptors for the minor group rhinoviruses (remainder except for rhinovirus 87) 

(Uncapher et al., 1991) are the low-density lipoprotein receptor (LDLR) and related 

compounds. Differential charge distribution of amino acid residues in the "canyon", the 

putative receptor binding site, provides a possible explanation for the difference in minor 

versus major receptor group specificities (Kim et al., 1989; Vlasak et al., 2003; Couch, 

2006). Virions are taken up in endosomes where virions surface configuration is altered, 

presumably because of receptor binding and/or exposure to the lowered pH within 

endosomes (Hofer et al., 1994; Couch, 2006). The viral RNA genome is released into the 

cytosol where translation is initiated. Numerous ribosomes sequentially bind to the RNA 

for the expression. The polyprotein is then sequentially cleaved by viral-specific protease 

to yield virion structural proteins and the nonstructural proteins required for protein 
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cleavage and RNA synthesis. The rhinovirus polyprotein cleavage products and their 

functions are shown in Fig. 4. RNA replication begins immediately after initial translation 

of viron mRNA. Protein 3D serves as a polymerase but other proteins including host 

proteins may be involved. (Couch, 2006) 

Host cell mRNA translation is shut down rapidly as viral RNA translation and RNA 

synthesis increase. By 2h after infection, cellular protein synthesis is minimal. This 

inhibition of host cell function alters the integrity of cellular structure so that cytopathis 

effects (CPEs) ensue. CPE consists of accumulation of nuclear material near the margin 

of the nuclear envelope, appearance of membranous vesicles with alteration of membrane 

integrity and leakage of intracellular components. In tissue cultures, virus-infected cells 

become rounded and swell, and a focus of CPE develops that contains cellular debris in 

both large and small cells. (Couch, 2006) 

Assembly of rhinoviruses occurs in an orderly fashion. Cleavage of intersubunit 

bonds and structural rearrangement of the P1 structural proteins yields a protomer. 

Association of five protomers creates a pentamer and association of 12 pentamers creates 

the capsid. This process takes place on the smooth endoplasmic reticulum in association 

with the RNA replication complex. The rapid and simultaneous nature of assembly leads 

to development of crystalline arrays of virus particles in the cytoplasm of infected cells. 

The final event in morphogenesis is the autocatalytic cleavage of capsid protein 1AB to 

1A and 1B, a reaction required for viral infectivity. Cells undergoing infection with 

rhinoviruses release virions after cell lysis. The replication cycle time varies between 6 

and 12 hours. Yields per infected cell are presumed to be similar to those of enterovirus-

infected cells, which yield 25,000‒100,000 virus particles per cell. (Couch, 2006) 
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1.3. Clinical manifestations of common cold caused by rhinovirus 

The onset of symptoms occurs as soon as 10–12 h after intranasal inoculation of the 

virus. The severity of the symptoms increases rapidly, peaks within 2–3 days after 

infection, and decreases soon after. The average duration of the common cold is 7–10 

days, but in a proportion of patients some symptoms can still be present after 3 weeks 

(Heikkinen and Jarvinen, 2003). The typical symptoms are inflammatory reactions of the 

nasal epithelium with the release of kinins, leukotrienes, histamine, interleukins (1 (IL-1), 

IL-6, and IL-8), TNF-α, and RANTES (Regulated on Activation, Normal T cell 

Expressed and Secreted) (Heikkinen and Järvinen, 2003). Rhinovirus infections typically 

start with a sore throat, which is soon accompanied by nasal stuffiness and discharge, 

sneezing, and cough. The soreness of the throat usually disappears quickly, whereas the 

initial watery rhinorrhoea turns thicker and more purulent (Igarashi et al., 1993). Fever is 

an infrequent finding during rhinovirus infections in adults, but it is fairly common in 

children with upper respiratory infections of any cause (Putto et al., 1986). Other 

symptoms associated with the cold syndrome include hoarseness, headache, malaise, and 

lethargy (Heikkinen and Järvinen, 2003). A clear association between viral respiratory 

infections and acute exacerbations of asthma in both adults and children (Heikkinen and 

Järvinen, 2003) has been established. 

1.4. Transmission and control of rhinovirus 

Rhinovirus infections spread from person to person by means of virus-contaminated 

respiratory secretions. High concentrations of virus in nasal secretions and a propensity 

for ill persons to contaminate their hands and environmental objects with virus have been 
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demonstrated. It exhibits good survival on many environmental surfaces for hours after 

contamination, and infection is readily transmitted by finger-to-finger contact and by 

finger to contaminated environmental surface if the newly contaminated finger is then 

used to rub an eye or touch the nasal mucosa (D'Alessio et al., 1976; Myatt et al., 2004). 

It seems likely that both contact and airborne transmission occur and that the dominant 

mode varies with the population and circumstances of exposure (Meschievitz et al., 1984, 

Couch, 1966). Rhinovirus infection and illness rates are the highest among infants and 

small children, average more than one infection per year, and decrease with increasing 

age (Couch, 2006). Rates for young adult females are higher than those for males of 

similar age, a finding thought to reflect a greater exposure to young children by adult 

females (Couch, 2006). Serum antibody prevalence data have indicated rhinovirus 

infections are widespread throughout the world (Charles et al., 2004). In most cases, 

rhinovirus infection can lead to a mild and self-limiting disease of the upper airways (i.e. 

the common cold). In more severe disease involving the lower airways, rhinovirus 

infection can lead to asthma and chronic obstructive pulmonary disease (COPD) and life-

threatening complications, especially among the elderly and immunocompromised 

patients. Individuals with COPD form another important risk group for viral infections 

(Ghosh et al, 1999). In immunocompromised patients, rhinovirus infection is usually the 

most common cause of severe viral respiratory illness, but the infections have also been 

associated with severe and even fatal lower respiratory tract disease (Ghosh et al, 1999). 

This has spurred a consistent effort over recent decades to identify effective treatments 

and preventions for rhinovirus infection (Rollinger and Schmidtke, 2010). Various potent 

synthetic compounds (Table 1) and natural products (Table 2) have been described as 
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anti-rhinovirus agents. Current efforts aim towards anti-rhinoviral therapies including 

anti-inflammatory, targeting on viral molecules, and prevention of virus-cell interaction 

that has been the aim of research on viral capsid binders and cell receptor blockers 

(Charles et al., 2004, Papadopoulos et al., 2009; Todar, 2009). 
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Table 1. Synthetic compounds for treatments and preventions of rhinovirus infection and 

their targets (Rollinger and Schmidtke, 2010) 

Target Synthetic compound HRV tested Author 

Capsid binder Disoxaril (Win 51711) 35 serotypes Otto et al., 1985 

Pleconaril All serotypes Ledford et al., 2004 

Pirodavir (R 77975) All serotypes Andries et al., 1992 

Oxime ether 14 16 serotypes Watson et al., 2003 

5-{3-[(2',4'-Difluoro-3,5-

dimethylbiphenyl-4-yl)oxy]propyl}- 

3-methylisoxazole 

HRV-2 Kuz'min et al., 2007 

SCH 38057 6 serotypes Rozhon et al., 1993 

Chalcone Ro 09-0881 12 serotypes Ninomiya et al., 1990 

BW863C HRV-1B Bauer et al., 1981 

Isoflavan HRV-1B Conti et al., 1988 

MDL 20,957 32 serotypes Kenny et al., 1986 

MDL-860 90 serotypes Powers et al., 1982 

2A and 3C 

protease 

Homophthalimides HRV-2, -14 Wang et al., 1998 

3C protease AG7088 48 serotypes Patick et al., 1999 

(E)-(S)-4-((S)-2-{3-[(5-methyl-isoxazole-

3-carbonyl)-amino]-2-oxo-2H-pyridin-1-

yl}-pent-4-ynoylamino)-5-((S)-2-oxo-

pyrrolidin-3-yl)-pent-2-enoic acid ethyl 

ester 

 Patick et al., 2005 

RNA 

synthesis 

2-Furylmercury chloride 17 serotypes Verheyden et al., 2004 

Ribavirin HRV-2, -14 Andersen et al., 1992 

Enviroxime 15 serotypes Wikel et al., 1980; 

Ninomiya et al., 1985 
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Table 2. Natural products for treatments and preventions of rhinovirus infection and their 

targets (slightly modified from that described by Rollinger and Schmidtke, 2010) 

Target Natural product HRV tested Author 

Capsid 

binder 

Farnesiferol B and C HRV-2 Rollinger et al., 2008 

6,7,8-TMC,a Arborinine HRV-2 Rollinger et al., 2009 

Flavan HRV-1B Bauer et al., 1981 

Inhibitor of 

3C protease 

(+)-Thysanone HRV-14 Singh et al., 1991 

2-Methoxystypandrone HRV-14 Singh et al., 2001 

9, 10-Phenanthraquinone HRV-14 Singh et al., 2001 

Inhibitor of 

virus 

replication 

Quercetin 3-methylether HRV-15 Van Hoof et al., 1984 

4’,5-DHTMFb 20 HRVsterotypes Ishitsuka et al., 1982 

Glaucine HRV-14 Spasova et al., 2008 

Oxoglaucine HRV-14 Spasova et al., 2008 

o-Coumaroylamidec HRV-14 Spasova et al., 2008 

p-Coumaroylamided HRV-14 Spasova et al., 2008 

 Axillarin HRV-2 Tsuchiya et al., 1985 

 Chrysoplenol B and C HRV-2 Tsuchiya et al., 1985 

 Alloaromadendrol glycosides HRV- 1B De Tommasi et al., 1990 

 Ajoene 

Allicin 

Allyl methyltiosulfinate 

HRV-2 

HRV-2 

HRV-2 

Weber et al., 1992 

Weber et al., 1992 

Weber et al., 1992 

 3-O-(E)-caffeoyltormentic acid HRV-1B De Tommasi et al., 1992 

 Raoulic acid HRV-2, -3 Choi et al., 2009 

 Orobol 7-O-D-glucoside HRV-1B, -2, -3, -

5, -6, -14, -15, -40 

Choi et al., 2010a 

 Gallic acid HRV-2, -3 Choi et al., 2010b 
a 6,7,8-Trimethoxycoumarin; 

 b 4’,5-Dihydroxy-3,3’,7-trimethoxyflavone 
c o-Coumaroylamide of 3-aminomethylglaucine. 
d p-Coumaroylamide of 3-aminomethylglaucine. 
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2. Helicobacter pylori 

2.1. H. pylori colonization in human stomach 

H. pylori (formerly Campylobacter pyloridis/pylori) is a gram-negative bacterium, 

specialized in the colonization of the human stomach (Warren and Marshall, 1983; 

Warren and Marshall, 1984, Maddocks, 1990). It is reported to colonize more than half of 

the human population and becomes one of the most successful human bacterial parasites 

(Taylor and Parsonnet, 1995; Montecucco and Rappuoli, 2001). It is estimated that the 

prevalence of infection by this organism is 70% to 90% in the developing world (Taylor 

and Parsonnet, 1995; Qureshi and Graham, 2000; Frenck and Clemens, 2003). Most 

infected people are asymptomatic, with moderate inflammation detectable only by biopsy 

and histology. However, an important minority of them (15–20%) during their life 

develop severe gastroduodenal pathologies, including stomach and duodenal ulcers, 

adenocarcinomas and stomach lymphomas (Montecucco and Rappuoli, 2001). 

To survive and colonize in the acid lumen of the human stomach, H. pylori synthesizes a 

cytosolic urease to buffer the pH of its immediate surroundings within the stomach (Fig. 

6) (Montecucco and Rappuoli, 2001). The Ni2+-containing enzyme hydrolyses urea into 

NH3 and CO2 (Hu and Mobley, 1990; Labigne et al., 1991). H. pylori takes up urea 

through a protongated channel and the urea hydrolysis creates a neutral layer around the 

bacterial surface (Fig. 6) (Weeks et al., 2000). The progress of H. pylori colonization was 

decribed by Montecucco and Rappuoli (2001) (Fig. 5). During infection, the bacteria use 

flagella to propel themselves into the mucus layer and allow them to reach the apical 

domain of gastric epithelial cells, to which they sticks using specialized adhesins. H. 
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pylori then injects virulence factor CagA (cytotoxin-associated gene A) into the host cells 

and releases other toxic factors such as H. pylori neutrophil-activating protein (HP-NAP) 

and VacA (Vacuolating Cytotoxin). VacA induces alterations of tight junctions and the 

formation of large vacuoles. The HP-NAP crosses the epithelial lining and recruits 

neutrophils and monocytes, which extravasate and cause tissue damage by releasing 

reactive oxygen intermediates (ROIs). Injected Cag proteins cause alteration of the 

cytoskeleton, pedestal formation and signal the nucleus to release proinflammatory 

lymphokines, which amplify the inflammatory reaction with recruitment of lymphocytes 

and further induce the release of ROIs. The combined toxic activity of VacA and of ROIs 

leads to tissue damage that is enhanced by loosening of the protective mucus layer and 

acid permeation. (Montecucco and Rappuoli, 2001) 

 

Fig. 5. Schematic representation of the stomach mucosa colonized by Helicobacter pylori, 

showing the main virulence factors involved in colonization and disease (Montecucco 

and Rappuoli, 2001). 
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Fig. 6. Helicobacter pylori. (a) Electron micrograph and (b) schematic representation 

showing shape, polar flagella, urease, H+-gated urea channel and the production of 

ammonia, which neutralizes the yellow acidic environment and the cytosol and the 

immediate environment around the bacterium (light blue) (Montecucco and Rappuoli, 2001). 

2.2. Anti-H. pylori agents and resistance 

In most regions of the world, four-drug treatment regimens, including a proton pump 

inhibitor (PPI) plus three antimicrobials (clarithromycin, metronidazole/tinidazole and 

amoxicillin), or a PPI plus a bismuth plus tetracycline and metronidazole provide the best 

results to eradicate H. pylori infections (Rimbara et al., 2011). However, prevalence of H. 

pylori antibiotic resistance is increasing worldwide, and it is the main factor affecting 

efficacy of current therapeutic regimens (Dunn et al., 1997; Frenck and Clemens, 2003; 

De Francesco et al., 2010). Clarithromycin is the most effective antibiotic against H. 

pylori but, unfortunately, resistance to it is increasing and can not be overcome by 

increasing the dose or duration of therapy with clarithromycin (Qureshi and Graham, 

2000). Resistances of H. pylori to several antibiotics, clarithromycin, metronidazole, 

tetracycline, amoxicillin, and levofloxacin in many parts of the world were reported by 
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Mégraud (2004b) and De Francesco et al, (2010). Detailed resistance rates towards 

antibiotics in different continental areas are listed in Table 3 (De Francesco et al., 2010). 

In addition to the antibiotic resistance, one of the most common reasons for H. pylori 

treatment failure (Mégraud, 2004a, Stenström et al., 2008), high side effects (Table 4) 

were caused by treatment regimens of PPI, bismuth and antibiotics (Dunn et al., 1997; 

Miguel et al., 2008, Stenström et al., 2008). Effective and safe novel agents are needed to 

cope with these problems. Much effort has been focused on plant preparations and their 

constituents as potential sources of antibacterial products for prevention or eradication of 

H. pylori. Plant-derived leading compounds (Table 5) for eradication of H. pylori were 

well described by Kawase and Motohashi, 2004. 

Table 3. Antibiotic resistance rates in different continental areas (De Francesco et al., 2010) 

Area Amoxycillin Clarithromycin Metronidazole Tetracycline Levofloxacin Multidrugs 

America 8/352 118/402 177/401 11/393 NA 53/352 

 (2.2%) (29.3%) (44.1%) (2.7%)  (15.0%) 

Africa 113/172 NA 159/172 58/132 0/40 NA 

 (65.6%)  (92.4%) (43.9%) (0.0%)  

Asia 60/517 1,544/8,139 192/517 11/456 106/908 21/252 

 (11.6%) (18.9%) (37.1%) (2.4%) (11.6%) (8.3%) 

Europe 3/599 352/3156 420/2,459 14/599 148/614 204/2,272 

 (0.5%) (11.1%) (17.0%) (2.1%) (24.1%) (8.9%) 

Overall 184/1,640 2,014/11,697 948/3,549 94/1,580 254/1,562 278/2,876 

 (11.2%) (17.2%) (26.7%) (5.9%) (16.2%) (9.6%) 



20 

 

Table 4. Common side effects caused by treatment regimens of PPI, bismuth and 

antibiotics 

Drug Side effects 

PPIs Headache and diarrhea 

Clarithromycin Gastrointestinal (GI) upset, diarrhea, and altered taste 

Amoxicillin GI upset, diarrhea and headache 

Metronidazole Tends to be dose related, a metallic taste, dyspepsia, a disulfiram-

like reaction with alcohol consumption 

Tetracyline GI upset, photosensitivity 

Bismuth subcitrate Darkening of the tongue and stool, nausea, and GI upset 

Furazolidone Nausea, vomiting, headache, and malaise in up to a third of 

patients. Less frequently hypersensitivity, hypotension, a 

disulfiram-like reaction with alcohol consumption, and mild 

reversible haemolytic anaemia 

Rifabutin Red discoloration of urine, rash, diarrhea, nausea, vomiting, 

dyspepsia, small but serious risk of myelotoxicity and ocular 

toxicity.  
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Table 5. Anti-Helicobacter pylori compounds from plants 

Natural product H. pylori strain  Author 

Glabridin, glabrene, licochalcone A, 
licoricidin, licoisoflavone B, vestitol, 
licoricone, 1-methoxyphaseollidin, and 
gancaonol C 

ATCC 43504, ATCC 43526, 
Clarithromycin (CLAR)- and 
(AMOX)-resistant GP98 

Fukai et al, 
2002 

Licoisoflavone A 

and sophoraisoflavone A 

ATCC 43504 Shirataki et 
al., 2001 

Luteolin Twenty-six clinical isolates  Chung et 
al., 2001 

Kaempferol ATCC 43504 in vitro 
ATCC 43504 inoculated in 
Mongolian gerbils 

Kataoka et 
al., 2001 

Ellagic acid, quercetin, rutin, and 
kaempferol 

CagA−G21 and CagA+ 10K  Martini el 
al., 2009 

Quercetin 3-methyl ether; quercetin 3,7-

dimethyl ether; kaempferol 3,7-dimethyl 

ether. 

NCTC 11637 Ustün et 
al., 2006 

Glycyrrhetinic acid ATCC 43504 and 49503 
27 clinical isolates including 2 
clarithromycin-resistant strains 
a n d  5 metronidazole- resistant 
strains. 

Krausse et 
al., 2004 

Epigallocatechin gallate (EGCg), 
epicatechin (EC), epigallocatechin (EGC), 
and epicatechin gallate (ECg) 
 

ATCC 43504, ATCC 43629), and 
108 clinical isolates (YMA1 to 
YMA108) 

Mabe et 
al., 1999 

Tellimagrandin I, strictinin, corilagin, 
oenothein B and A 

NCTC 11638 Yoshida et 
al., 2000 

Agasyllin, aegelinol CCUG Basile et 
al., 2009 
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Table 5. Anti-Helicobacter pylori compounds from plants (Continued) 

Natural product H. pylori strain  Author 

Plaunotol NCTC 11637, 14 clinical isolates 
CPY 2052 inoculated in nude 
mice 

Koga et 
al., 1996 

Triple therapy: Plaunotol, amoxicillin, 
metronidazole 

H. pylori in 30 patients with 
peptic ulceration 

Karita et 
al., 1994 

Benexate, sofalcone, teprenone, cetraxate, 
and gefarnate, 

NCTC 11637, 14 clinical isolates Koga et 
al., 1996 

 2 (Hydroxymethyl)anthraquinone;   
anthraquinone-2-carboxylic acid; lapachol 
 

ATCC 43504 Park et al., 
2006 

1-methyl- 2-[(Z)-8-tridecenyl]-4-(1H)-
quinolone, 1-methyl-2-[(Z)-7-tridecenyl]-
4-(1H)-quinolone. 

ATCC 43504 
ATCC 43504 inoculated in 
Mongolian gerbils 

Tominaga 
et al., 2002 

Verapatulin and veratramine NCTC11637 and NCTC11916 Tezuka et 
al., 1999 

Tryptanthrin ATCC 43504 
ATCC 43504 inoculated in 
Mongolian gerbils 

Kataoka et 
al., 2001 

Sanguinarine, chelerythrine, protopine, 
berberine and β -hydrastine 
 

ATCC 43504 
14 clinical isolates 

Mahady et 
al., 2003 

Derrisin, tephlosin, toxicarol, rotenone, 
rotenolone, dehydrorotenone 

31 A derived from stomach ulcer Takashima 
et al., 2002 

Curcumin ATCC 43504, 65 clinical isolates 
H. pylori inoculated in C57BL/6 
mice 

De et al., 
2009 

1,2,3,4,6-penta-O-galloyl--D-
glucopyranose, methyl gallate, paeonol 

ATCC 700392, ATCC 700824, 
ATCC 43504 and 4 antibiotic 
resistant isolates 

Ngan et 
al., 2012 
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3. Human intestinal bacteria 

3.1. Medical importance 

The human gastrointestinal tract is comprised of the stomach, the duodenum, the 

jejunum, the ileum, the colon, the rectum, and the anal canal where harbors a complex 

community of obligate and facultative anaerobic bacterial cells in the mucosa, lumen, and 

feces (Tannock, 1995; Zoetendal et al., 2002; Prakash et al., 2011). The gastrointestinal 

bacteria have an important metabolic and protective function in the tract (Tannock, 1995). 

Most gut bacteria such as Lactobacillus, Bacteroides and Bifidobacterium bifidum reside 

in the lower part of the digestive tract, specifically in the colon (Zoetendal et al., 2002; 

Prakash et al., 2011). Although relatively low number of microorganisms such as 

lactobacilli and streptococci were found in the upper digestive tract, specifically in the 

stomach, some are also of importance in human diseases (Prakash et al., 2011, Hu et al., 

2012). Infectious gastrointestinal diseases such as various types of diarrheal disease 

caused by a host of bacterial, viral and parasitic organisms can be spread mostly by 

contaminated water (Culligan et al., 2009; WHO, 2012). The infectious diseases are 

becoming increasingly difficult to treat due to the increasing dissemination of antibiotic 

resistance among the microorganisms and the emergence of the so-called 'superbugs' 

(Culligan et al., 2009; WHO, 2012). Diarrhoea is a major killer amongst the poor and 

especially in developing countries. In 1998, it was estimated to have killed more than two 

million people, most of whom were under 5 years of age (WHO, 2000). Each year there 

are approximately 4 billion cases of diarrhoea worldwide (WHO, 2012). 

It has been demonstrated that the gut microbiota plays a crucial role in human health 

(Tannock, 1995) and alterations in the microbiota brought on by poor nutrition or 
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perturbation with antibiotics can cause shifts in populations and colonization by 

nonresidents that leads to a number of gastrointestinal diseases (Sullivan et al., 2001; 

Jernberg et al., 2010). Prolonged treatment of digestive tract disorders with antibiotics 

alters the normal microbial population in digestive system, eliminating some of the 

beneficial bacteria (Moore and Moore, 1995) and often producing resistance to the drugs 

by pathogenic microorganisms (Davies, 1994; Quigley and Quera, 2006), which is a 

major global public health problem in both developed and developing countries (Sears, 

2005). 

3.2. Antibcterial agents and resistance 

Antibiotics are a mainstay in the treatment of bacterial infections, and thus the 

worldwide increase in antibiotic-resistant bacteria is of major concern (Erb et al., 2007). 

Antibiotic use is suggested to be a major risk factor for the development of antibiotic 

resistance (De Man et al., 2000). For example, prevalences of antibiotic resistance in E. 

coli and C. perfrigens through the world were well described by Erb et al., 2007 and 

Tenover et al., 2012, respectively (Tables 6 and 7). Jernberg et al., 2010 reported that high 

levels of resistance genes can be detected in gut microbes after just 7 days of antibiotic 

treatment and these genes remain present for up to two years even if the individual has 

taken no further antibiotics. The consequences of the appearance and spread of antibiotic 

resistance have included increasing morbidity, mortality, and cost of health 

care (Hellinger, 2000). Resistances of bacteria to multiple antibiotics are conferred by 

membrane transporters (multidrug resistance pumps, MDRs) that extrude structurally 

unrelated toxins from the cell and protect microbial cells from both synthetic and natural 
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antimicrobials (Stermitz et al., 2000). These membrane transporters can confer resistance 

to a specific class of antibiotics or to a large number of drugs (Piddock, 2006; Poole, 

2004). The latter group of efflux pumps such as the AcrAB family can handle a wide 

variety of structurally unrelated compounds drugs (Piddock, 2006; Poole, 2004). The 

majority of antibiotic families are recognised and expelled by the efflux pumps, including 

quinolones, β-lactams, phenicols, tetracyclines and aminoglycosides (Van Bambeke et al., 

2000; Li and Nikaido, 2009). Plant secondary metabolites resemble endogenous 

metabolites, ligands, hormones, signal transduction molecules or neurotransmitters and 

thus have beneficial medicinal effects on humans due to similarities in their potential 

target sites (Parekh et al., 2005). Plant extracts and their constituents possessing 

antibacterial activity as alternatives to the widely used antibiotics (Hammer et al. 1999; 

Dorman and Deans 2000; Deans 2002; Papandreou et al. 2002; Leem et al. 2004; Viuda-

Martos et al. 2008; Estevinho et al. 2011) can be of significant in therapeutic treatments, 

and could help curb the problem of multi-drug resistant organisms (Ncube et al., 2010). 

For example, cinnamon, clove, lime oils were reported to have significantly inhibitory 

effect against both gram-positive bateria (Bacillus subtilis and Staphylococcus aureus) 

and several gram-negative bacteria (Escherichia coli, Klebsiella pneumoniae, 

Pseudomonas aeruginosa, Proteus vulgaris) (Prabuseenivasan et al., 2006). Fadi et al., 

2011 reported that essential oils of Thymus broussonetii, T. maroccanus, T. 

pallidus and Rosmarinus officinalis were able to restore antibiotic susceptibility in 

antibiotic-resistant (effluxing) bacteria, such as E. aerogenes  EA27 (a MDR clinical 

isolate; resistance to kanamycin, ampicillin, chloramphenicol, nalidixic acid, 

streptomycin and tetracycline), E. aerogenes  EAEP294 (an acrA mutant, resistance to 
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kanamycin), E. coli AG100A (kanamycin-resistant), AG102 (overproducing AcrAB 

pump), Klebsiella pneumoniae KPBj1E+ (a clinical isolate resistance to cefoxitin, 

quinolones and chloramphenicol associated with the expression of an efflux system), 

Pseudomonas aeruginosa PA124 (a clinical MDR isolate). 
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Table 6. Prevalence of antibiotic resistance in E. coli (Erb et al. ,2007) 

Country (year) Sample size and study population Prevalence of resistance 

North America 
(2003-4) 

n=1,142 E. coli isolates from 40 
medical centers 

Ampicillin: 37.7%; ciprofloxacin: 5.5%; 
cotrimoxazole: 21.3% 

Spain (2001-3) n=7,098 E. coli isolates from 32 
hospital laboratories 

Ampicillin: 59.9%; ciprofloxacin: 17.2% 
(2001) → 21.1% (2003), cotrimoxazole: 32.6% 

UK and Ireland 

(2001-2) 

n=495 E. coli isolates from 
hospitalized patients with 
bacteremia 

Amoxicillin: 56.2%; ciprofloxacin: 11.1% 

USA  
(1995-2001) 

n=286,187 E. coli isolates from 
patients with symptoms of 
urinary tract infection (UTI) 

Ampicillin: 36.4% (1995) → 37.0% (2001); 
ciprofloxacin: 0.7% (1995) → 2.5% (2001); 
cotrimoxazole: 14.8% (1995) → 16.1% (2001) 

USA (1998) n=63,196 E. coli isolates from 
patients with community-acquired 
UTI 

Ampicillin: 40% (15-50 years old), 33% (>50 
years old); 
ciprofloxacin: 1% (15-50 years old), 2% (>50 
years old); 
cotrimoxazole: 18% (15-50 years old), 16% 
(>50 years old) 

Canada (1998) n=1,681 E. coli isolates from 
patients with UTI 

Ampicillin: 41.0%;  ciprofloxacin: 1.2%; 
cotrimoxazole: 18.9% 

European 
countries 

(1997-8) 

n=1,918 E. coli isolates from 
hospitalized bacteremia patients 

Ampicillin: 46.7%; ciprofloxacin: 8.1% 

Latin American 
countries (1998) 

n=262 E. coli isolates from 

hospitalized patients with UTI 

Ampicillin: 58.8%; ciprofloxacin: 22.5% 

England (1998) n=962 isolates from general 
practice patients with UTI; 65.1% 
E. coli, 23.4% coliform bacteria 

Amoxicillin: 48.3%;  
ciprofloxacin and norfloxacin: 1.1%; 
trimethoprim: 24.4% 

Germany, 
Austria, 
Switzerland 
(1975- 1995) 

n≈11,000 isolates from 
hospitalized patients with E. coli 
infection 

Before 1984: no variation in resistance 
prevalence 
Ampicillin: 22.1% (1984) → 35.8% (1995); 
ciprofloxacin: 0% (1986) → 5.2% (1995); 
cotrimoxazole: 11.5% (1984) → 22.7% (1995) 

Norway  

(1979 - 1980) 

n=1,044 E. coli isolates from 
patients with symptoms of UTI 

Ampicillin: 5.7% 

Finland  
(1978) 

n=395 E. coli isolates from 
outpatients with UTI 
n=110 E. coli isolates from 
inpatients with UTI 

Trimethoprim: 11% 
 
Trimethoprim: 23% 
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Table 7. Antibiotic resistance rates in C. difficile (Tenover et al., 2012) 

Country (year) No. of 

isolates 

%  resistance to 

aMox Clinda Met Rif 

U.S. and Canada (2008-9) 316 38 41 0 8 

Taiwan (2001-9) 113 16 46 0  

Germany(2002-4) 317 40 65 0  

Quebec, Canada (2004) 258 82 15 0 0 

Poland (hospital 1) (2004-6) 153 39 54 0  

Poland (hospital 2) (2004-6) 177 38 48 0  

14 EU countries (2005) 349 38 46 0  

Scotland (2005) 116 87 63 0  

Austria (2006-7) 142 38 57 1  

Scotland (2007-9) 1613 64 97 0  

Sweden (2008) 585 20 16 0  

Sweden (2009) 364 16 16 0  

Ireland (2009) 133 57 22   

New Zealand (2009) 101 2 61 0  

Shanghai, China (2009) 75 45 85 0 17 

Stockholm, Sweden (2009) 80 15 65 0 4 

aMox, moxifloxacin; Clinda, clindamycin; Met, metronidazole; Rif, rifampin;  

The modes of action of plant secondary substances such as alkaloids, phenolics, and 

terpenoids have been well reviewed by Wink (2006). Major targets (activities) include 

biomembrane (e.g. membrane disruption or inhibition of membrane protein), proteins 
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(covalent or noncovalent bonding), specific interaction (e.g. inhibition of enzymes or ion 

pumps protein biosynthesis), and DNA (e.g. inhibition of DNA topoisomerase I or 

inhibition of transcription) (Wink, 2006). For example, the monoterpene alcohols 

citronellol and geraniol appear to cause gross cell wall and cytoplasmic membrane 

damage and provoke lysis of Streptococcus pneumoniae (Horne et al., 2001), whereas the 

terpene oxide 1,8-cineole causes the leakage of 260-nm-light-absorbing material and 

renders cells susceptible to sodium chloride (Carson et al., 2002). The anti-

Staphylococcus aureus activity of the terpene phenol thymol is due to damage in 

membrane integrity, which further affects pH homeostasis and equilibrium of inorganic 

ions (Lambert et al., 2001). In addition, the most bioactive plant secondary 

substances are known to be more toxic against Gram-positive bacteria than 

Gram-negative bacteria (Smith-Palmer et al., 1998; Lopez et al., 2005; Shan et 

al., 2007). It has been suggested that the tolerance of Gram-negatives to 

antibacterial substances is related to the hydrophilic surface of their outer 

membrane, functioning as a barrier to the penetration of various molecules, and 

is also associated with the enzymes in the periplasmic space, which are capable 

of breaking down the molecules (Duffy and Power, 2001; Shan et al., 2007). 

However, Gram-positive bacteria do not have such an outer membrane and cell 

wall structure (Duffy and Power, 2001). 

Among the various human intestinal microorganisms, bifidobacteria are often taken 

as useful indicators of human health under most environmental conditions, on the basis 

that they play important roles in metabolism such as amino acid and vitamin production, 

aid defense against infection, are associated with longevity, antitumor activity, pathogen 
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inhibition, improvement of lactose tolerance of milk products, and immunopotentiation 

(Hentges, 1983; Rasic and Kurmann, 1983; Mitsuoka, 1992; Hoover, 1993). 

Bifidobacteria growth-promoting factors, usually called bifidus factor, are classified into 

lacteal secretions, derivatives of lactose, fructooligosaccharides, and xylooligosaccharides 

(Modler et al., 1990). On the contrary, clostridia are the most important causative agents 

of a wide variety of human diseases such as sudden death, toxicity, mutagenesis, 

carcinogenesis, or aging by biotransforming a variety of ingested or endogenously formed 

compounds to harmful agents such as N-nitroso compounds or aromatic steroids within 

the gastrointestinal tract (Finegold et al., 1975; Goldman, 1983; Moore and Moore, 1995). 

It would therefore be desirable to both inhibit the growth of potential pathogens and/or 

increase the numbers of bifidobacteria in the human gut (Ahn et al., 2000). Selective 

growth promoters for bifidobacteria or inhibitors for harmful bacteria are especially 

important for human health, because intake of these materials may normalize disturbed 

physiological functions that result in the prevention of diseases caused by pathogens in 

the gastrointestinal tract (Ahn et al, 2000).  Selective growth inhibition toward C. 

perfringens was also reported in oriental medicinal plant-derived materials such as 

polyphenols from Thea sinensis (Ahn et al., 1990c; Ahn et al., 1991) 

and Panax ginseng extract (Ahn et al., 1990a). Cordycepin from Cordyceps militaris 

showed potent growth-inhibiting activity toward C. paraputrificum and C. 

perfringens but no growth inhibition or stimulation on B. bifidum, B. breve, B. 

adolescentis, B.longum, L. acidophilus, and L. casei (Ahn et al., 2000). Some EOs from 

medicinal herbs such as Carum carvi, Lavandula angustifolia, Trachyspermum copticum, 

and Citrus aurantium var. amara that have long been used in the treatment of 
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gastrointestinal dysbiosis by ingestion were also proved to have little detrimental impact 

on beneficial members of the gastrointestinal tract microflora (Hawrelak et al., 2009). 

Steam distillate from P. lactiflora root and some of its conponents act as potential 

preventive agents against various diseases caused by harmful intestinal bacteria such as 

clostridia, but less harmful to lactic acid-producing bacteria (Ngan et al., 2012a). 

5. The genus Paeonia 

The genus Paeonia (Paeoniaceae) consists of ca. 35 species distributed mainly in 

warm-temperate regions of Europe and Asia, such as Pakistan, India, Afghanistan, Japan, 

China, Korea, and Vietnam (Braca et al., 2008; Wu et al., 2010). The herbaceous peony, P. 

lactiflora Pallas, is one of important and popular species (Fig. 7). Roots of several speices 

in the genus such as P. suffruticosa, P. albiflora, P. lactiflora, and P. obovata are a rich 

source of monoterpenes possessing a “cage-like” pinane skeleton, which are established 

as the main biologically active constituents (Watanabe, 1997; Braca et al., 2008; Wang et 

al., 2009; Washida et al., 2009; Tang et al., 2010). Much research on the chemical 

constituents of Paeonia plants has concentrated on the identification of many bioactive 

compounds, including monoterpenoids, triterpenoids, flavonoids, phenols, and tannins 

(Wu et al., 2010). Two species of Paeonia were decribed as particularly important 

sources to Chinese medical practice, P. lactiflora, which is the primary source of both 

white peony (baishaoyao or simply baishao) and red peony (chishaoyao or 

simply chishao), and P. suffruticosa, the source of moutan (mudanpi) (Dharmananda, 

2002). Aqueous and hydroalcoholic of P. lactiflora and P. suffruticosa were used in dental, 

hair, and skin-care products, for their antiinflammatory, antibacterial, and skin-protectant 
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and soothing properties (Duke et al., 2002). The dried roots of both medicinal herbs also 

associated with anticancer (Cai et al., 2004; Ou et al., 2011), and Collins et al. (1997) 

reported that P. suffruticosa roots had anti-HIV activity. 

The herbaceous peony, P. lactiflora Pallas (Fig. 7), is well-known as a medicinal herb 

in Korea, Japan, China and Vietnam for centuries. The species exhibited various 

biological activities such as improvement of the memory and blood circulation, hepato-

protection, antimutagenic properties, and platelet aggregation inhibition (Watanabe, 1997; 

Tanaka et al., 2000; Lee et al., 2005; Huh, 1966). In pharmacopoeias and traditional 

systems of medicine, P. albiflora was described as an analgesic, anti-inflammatory and 

antispasmodic drug in the treatment of amenorrhoea, dysmenorrhoea, pain in the chest 

and abdomen. The dried root extract of this plant is one of the most important crude drugs 

widely used for the treatment of the common cold, hepatitis, menstrual dysfunction, 

leukorrhea, uterine bleeding and abdominal pain (Dan and Andrew, 1986; Kim, 2001; 

Kumagai et al., 2005; Watanabe et al., 2006; Braca et al., 2008; He and Dai, 2011). P. 

lactiflora roots were also used as analgesic, hemostyptic and bacteriostatic agents 

(Jiangsu New Medical School, 1977; Tang and Eisenbrand, 1992). The roots contain the 

monoterpene glycosides (albiflorin, benzoylpaeoniflorin, oxypaeoniflorin and 

paeoniflorin), the monoterpenes (lactoflorin, paeoniflorigenone and paeonilactones), 

benzoic acid and its esters, and gallotannins (He et al., 2010). Volatile oil from peony 

flower contains oxygenated mono- and sesqui-terpenes and a number of aliphatic and 

aromatic aldehydes, esters and alcohols (Kumar and Motto, 1985). The antimutagenic and 

antioxidative effects of P. lactiflora root have been reported by Kim et al. (2002) and Lee 

et al. (2002). The root extract could be used for relieving nasal inflammation via a 
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modulation of chemokines (Leem et al., 2004) and natural anti-androgens (Washida et al., 

2009).  

 

 

Fig. 7. Paeonia lactiflora Pall. (A) over ground part of the plant; (B) root; (C) scheme of 

an intact plant (He and Dai, 2011). 
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6. Future perspectives 

The emergence and ongoing spread of resistant pathogens to different classes of 

antibiotics have become one of the most serious threats to successful treatment of 

microbial diseases and viral infections as well. The diverse pharmaceutical and 

therapeutic potentials of essential oils (EOs), other extracts from different parts of plants, 

and their constituents have drawn attention of researchers to assess their alternative 

remedies for the treatment of many infectious diseases (Bergonzelli et al., 2003; 

Prabuseenivasan et al., 2006; Edris, 2007; Hawrelak et al., 2009). The antimicrobial 

activities of plant EOs and extracts have formed the basis many applications including 

raw and processed food preservation, pharmaceuticals, alternative medicine, and natural 

therapies (Abdelrahman, 2010). Furthermore, emergence of multi-drug resistance in 

pathogenic bacteria and viruses, as well as undesirable side effects of certain antibiotics 

has triggered immense interest in the search for new bioactive drugs of plant-origin. 

Antimicrobial properties of medicinal plants are being increasingly reported from 

different parts of the world (Abdelrahman, 2010). Paonia lactiflora root has long 

histories of traditional use in Asian traditional medicine and was reported to possess 

many kinds of bioactive agents. The results about anti-rhinovirus and anti-gastrointestinal 

bacterial activities of constituents derived from this plant in the current study are useful 

for validation of using this plant in practice. 

  



 

 

Chapter 1 

Antiviral activity of constituents identified  

in Paeonia lactiflora root against rhinovirus
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Abstract 
 

An assessment was made of the antiviral activities of Paeonia lactiflora root 

constituents and structurally related compounds against two serotypes of human 

rhinovirus, HRV-2 and HRV-4, in HeLa ATCC CCL–2 and MRC5 CCl-171. Modes of 

antiviral action also were examined. The antiviral activities were identified as 1,2,3,4,6-

penta-O-galloyl--D-glucopyranose (PGG), paeonol (PA), and gallic acid (GA). Their 

activities were compared with those of ribavirin. PA and ribavirin did not cause 

cytotoxicity to both cell lines (CC50, >500 μg/mL). PGG exhibited low toxicity to both 

cell lines (CC50, ~102 μg/mL). GA caused high toxicity to MRC5 (CC50, 37.0 μg/mL), 

whereas it caused very low toxicity to HeLa cells (CC50, 255.2 μg/mL). PGG was the 

most active compound against the HRVs (10.88 and 13.53 g/mL in HeLa cells; 16.83 

and 16.31 g/mL in MRC5 cells to HRV-2 and HRV-4, respectively), followed by GA 

(72.64 and 76.23 g/mL in HeLa cells to HRV-2 and HRV-4, respectively). GA did not 

inhibit the viruses in the MRC5 cells. Ribavirin and PA exhibited high and moderate 

activity, respectively against the HRVs in both cell lines (IC50, 58‒79 g/mL and 82‒101 

g/mL, respectively). PGG and PA inhibited RNA replication of HRV-2 and HRV-4 and 

also reduced expression of rhinovirus receptors and inflammatory cytokines induced by 

the two HRV serotypes. Quantitative structure–activity relationship (QSAR) of paeonol 

and 10 structurally related compounds in MRC5 cells indicates that structural 

characteristics, such as types of functional groups and carbon skeleton appear to play a 

role in determining the anti-rhinovirus activity. The introduction of methoxy group(s) into 

acetophenone may be required for rhinovirus inhibition. 
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1.1. Introduction 

Upper respiratory infections (URIs) caused by HRVs generally refer to 

the common cold. Consisting of over 100 different serotypes, HRVs are the single most 

important etiological agents of the cold (Melnick, 1990; Rueckert, 1996). In most 

individuals, HRV infections are mild and self-limiting. However, in patients with 

underlying respiratory disorders, infections may result in exacerbations of asthma, cystic 

fibrosis, bronchitis, and chronic obstructive pulmonary disease (Atmar et al., 1998; 

Collinson et al 1996). URIs are extremely common (Hendley, 1983) and contribute 

greatly to morbidity in the human population and impose a significant economic burden 

as a result of work and school absenteeism and monetary expenditures on symptomatic 

treatments. Because of the multiple HRV serotypes, control of rhinovirus infections and 

development of an effective vaccine are difficult (Charles et al., 2004). 

This study was aimed at isolating antiviral principles from the root extracts of P. 

lactiflora against two rhinovirus serotypes, HRV-2 and HRV-4. The antiviral activities of 

isolated constituents were compared with those of ribavirin, a broad spectrum antiviral 

agent currently used clinically to treat various DNA and RNA virus infections (Jason and 

Craig, 2006). In addition, effects of the active constituents on HRV replication and 

expression levels of a major HRV receptor intercellular adhesion molecule–1 (ICAM-1), 

a minor HRV receptor low-density lipoprotein receptor (LDLR), Toll-like receptor 3 

(TLR 3), and inflammatory cytokines (IL-6, IL-8, IL-1, TNF-α, and IFN-) also are 

investigated. Quantitative structure–antiviral activity relationship (QSAR) of paeonol (PA) 

and 10 structurally related compounds also is discussed. 
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1.2. Materials and methods 

1.2.1. Instrumental analyses 

1H and 13C NMR spectra were recorded in CD3OD on a Bruker AVANCE 600 

spectrometer (Karlsruhe, Germany) using tetramethylsilane as an internal standard, and 

chemical shifts are given in δ (ppm). UV spectra were obtained in methanol with a 

Kontron UVICON 933/934 spectrophotometer (Milan, Italy), mass spectra on Jeol GMS-

600 W or Jeol JMS-700 spectrometer (Tokyo, Japan) and FT-IR spectra on a Midac 

Nicolet Magna 550 series II spectrometer (Irvine, CA, USA). Optical rotation was 

measured with a Rudolph Research Analytical Autopol III polarimeter (Flanders, NJ, 

USA). Merck silica gel (0.063–0.2 mm) (Darmstadt, Germany) was used for column 

chromatography. Merck precoated silica gel plates (Kieselgel 60 F254) were used for 

analytical thin-layer chromatography (TLC). An Agilent 1200 series high-performance 

liquid chromatograph (HPLC) (Santa Clara, CA) was used for isolation of active 

principles. 

1.2.2. Materials 

Paeonol and 10 structurally related compounds examined in this study are as follows: 

acetophenone (AP) (>99.5% purity) and 4'-hydroxyacetophenone (4'-HAP) (>98%) 

purchased from Fluka (Buchs, Switzerland); 2',4'-dihydroxyacetophenone (2',4'-DHAP) 

(99.0%), 2,4-dihydroxycinnamic acid (2,4-DHCA) (97.0%), 2-ethylphenol (2-EP) 

(99.0%), 2-hydroxybenzyl alcohol (2-HBA) (99.0%), p-hydroxypropiophenone (p-HPP) 

(98.0%), paeonol (PA) (99.0%), and salicylaldehyde (SA) (98.0%) purchased from 

Sigma-Aldrich (St. Louis, MO, USA); 2',6'-dihydroxy-4'-methoxyacetophenone (2',6'-
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DHMAP) (98.0%) purchased from Indofine (Philadelphia, PA, USA); and xanthoxylin 

(XT) (>98%) purchased from Tokyo Chemical Industry (Tokyo, Japan). For the QSAR 

analysis, values of molecular weight (MW) and octanol/water partition coefficient (log P) 

for the test compounds were obtained from ACD/LogP DB v.12.01 [ACD/Labs Online 

(ACD/I-Lab), Advanced Chemistry Development, Inc., Montreal, Canada]. Ribavirin 

(>98%) was obtained from Tokyo Chemical Industry (Tokyo, Japan). (3-(4,5-

Dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide) (MTT) was purchased from 

Sigma-Aldrich. Brucella broth, newborn bovine serum (NBS), and bovine serum albumin 

(BSA) were purchased from Becton, Dickinson and Company (Sparks, MD), Hyclone 

(Longan, UT), and Santa Cruz Biotechnology (Santa Cruz, CA, USA), respectively. A 

Bradford protein assay kit was supplied by Sigma-Aldrich. The protein molecular weight 

standards (Precision Plus Protein all blue standards) were provided by Bio-Rad Life 

Sciences (Hercules, CA). All of the other chemicals and reagents used in this study were 

of analytical grade quality and available commercially. 

1.2.3. Plant 

Air-dried root of P. lactiflora was purchased from Boeun medicinal herb shop, 

Kyoungdong Oriental medicine market (Seoul, Republic of Korea) in 2009. A voucher 

specimen (PA–01) was deposited in the Research Institute for Agriculture and Life 

Sciences, Seoul National University. 

1.2.4. Cell lines and human rhinovirus serotypes 

HeLa ATCC CCL–2 (a human cervix epithelial cell line), MRC5 CCl-171 (a human 

lung fibroblast cell line), and A549 (ATCC CCL-185, lung carcinoma cell line) were 
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purchased from American Type Culture Collection (ATCC) (Manassas, VA) (Fig. 1.1). 

These cell lines were maintained in minimum essential medium (MEM) (Gibco-

Invitrogen, Grand Island, NY, USA) supplemented with 10% fetal bovine serum (FBS) 

(PAA Laboratories Inc, Etobicoke, Ontario, Canada) containing 1% mixture of antibiotic-

antimycotic solution (Gibco-Invitrogen, Grand Island, NY, USA) and incubated in a 

humidified incubator with 5% CO2 at 37°C. 

HRV-4 serotype (HRV-4 ATCC VR-1114AS/GP) was purchased from ATCC 

(American Type Culture Collection, Manassas, VA, USA) and HRV-2 serotype was 

kindly gifted by Dr. Hwa Jung Choi (Wonkwang University College of Medicine & 

Oriental Medicine, Chonbuk, Korea) 

 
(a) (b) 

(c) 

Fig. 1.1. Microscope views of HeLa cells (a), MRC5 (b), and A549 cells (c) 
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1.2.5. Cytotoxicity assay 

The cytotoxicity of the test materials to the human cell lines was evaluated using a 

MTT assay described previously (Morgan, 1998). A 10× stock solution of MTT (5 

mg/mL) was prepared in phosphate-buffered saline (PBS) (pH 7.4). The stock solution 

was sterile-filtered and stored at –20°C. HeLa and MRC5 cells were cultured as stated in 

Section 1.2.4. These cells grown to confluence in 96-well microplates were exposed to 

several different concentrations of the test materials. The culture plates were incubated 

for 2 days in a 37°C incubator with a humidified atmosphere of 5% CO2. The plates were 

then washed one time with 200 µL PBS. A volume of 100 L medium containing 0.05% 

MTT was added to each well and then incubated for 4 h at the same condition. MTT 

solution was removed after 4 h of the incubation and 150 L dimethyl sulfoxide (DMSO) 

was added to each well. Finally, the plate was shaken for 15 min to dissolve the purple 

formazan crystals that had formed (Fig. 1.2). The OD values were recorded using a 

VersaMax microplate reader (Molecular Devices, Sunnyvale, CA, USA) at a 560 nm test 

wavelength and a 670 nm reference wavelength. Blank values were subtracted from 

experimental values. Cytotoxicity was exposed as 50% cytotoxicity concentration (CC50) 

of the compound that reduced the viability of cells to 50% compared with the control 

wells. CC50 values of the test compounds were calculated using Prism 5 software program 

(GraphPad Software, Inc. La Jolla, CA, USA). 

1.2.6. HRV production 

Two serotypes, HRV-4 and HRV-2, were propagated in monolayers of HeLa cells 

grown in 20x10 mm petri dishs (Corning Costar, NY, USA) containing MEM with 10% 
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FBS and 1% antibiotic-antimycotic solution supplemented 30 mM MgCl2. After 48 h of 

incubation at 37°C, the viruses were released from cells by three cycles of freeze/thaw at 

-80°C/25°C. Cell debris was removed by centrifugation 2000 rpm and the supernatant 

was aliquoted and stored at -80oC until further use.  

1.2.7. Virus titration 

Virus titration was performed on HeLa and MRC5 monolayers in 96-well microtiter 

plates using 2-fold serial dilutions of virus stock and was evaluated by the MTT assay 

after 2 days of viral inoculation. Control cells were incubated without the viruses. TCID50 

(50% tissue culture infection dose) value was used as a proper virus concentration. 

 
(a) (b) 

 
(c) (d) 

Fig. 1.2. Microscope views of MRC5 cells. (a) Cells without HRV infection, (b) Cells 

with HRV-4 infection, (c), Cells without HRV-4 infection after MTT assay, and (d) Cells 

with HRV-4 infection after MTT assay. 
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1.2.8. Cytopathic effect inhibition assay 

Cell monolayers were grown in 96-well microtiter plates. Several different 

concentrations of the test compounds which showed nontoxicity to the test human cell 

lines (lower than CC50) were checked for antiviral properties. A proper virus dose 

(TCID50) of each virus serotype was added to each well and incubated in the same 

condition stated previously. Test wells contained treated infected cells, while controls 

consisted of untreated infected, treated uninfected and untreated uninfected cells. 

Ribavirin served as a positive control in the antiviral tests. After 2 days, viral 

cytopathogenic effect (CPE) was recorded. Cell viability was evaluated by an MTT assay. 

The 50% antiviral effective concentration, i.e. 50% inhibitory concentration (IC50) of the 

viral effect, is expressed as the concentration that achieves 50% protection of treated 

infected cells from HRV induced destruction. The percent protection is calculated as 

Protection % = [(A – B)/(C – B)] × 100, where A, B, and C are the OD values of treated 

infected, untreated infected, and untreated uninfected cells, respectively. 

1.2.9. Extraction and isolation 

Air-dried root (6 kg) of P. lactiflora was pulverized and extracted with methanol (2 × 

12 litres) at room temperature for 2 days and filtered. The combined filtrate was 

concentrated to dryness by rotary evaporation at 40°C to yield ≈978 g. The extract was 

sequentially partitioned into hexane- (7.0 g), chloroform- (22.0 g), ethyl acetate- (45.3 g), 

butanol- (313.8 g), and water-soluble (590.0 g) portions for subsequent bioassay. For 

isolation of active principles, viral cytopathic effect (CPE) inhibition assay (Garozzo et 

al., 2007) against HRV-4 in HeLa cell was used. 
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Due to their potent anti-viral activity, the hexane- and ethylacetate-soluble fractions 

were used for further separation and purification. The hexane-soluble fraction (7 g) was 

chromatographed on a 55 × 5 cm silica gel (0.063–0.2 mm) column (550 g) and eluted 

with a gradient of hexane and ethyl acetate [100:0 (1 L), 99:1 (1 L), 90:10 (2 L), 80:20 (2 

L), 70:30 (1 L), and 0:100 (1 L) by volume] and finally with methanol (1 L) to provide 29 

fractions (each about 250 mL) (Fig. 1.3). Column fractions were monitored by thin-layer 

chromatography (TLC) on Merck precoated silica gel plates with hexane and ethyl 

acetate (85:15 by volume). Fractions with similar Rf values on the TLC plates were 

pooled. Fractions 5 to 7 (1.72 g) were rechromatographed on a silica gel column using 

hexane and ethyl acetate (99.5:0.5 by volume) to give nine fractions and were bioassayed. 

For further separation of constituents from the active fractions 4 to 5 (156 mg), an Agilent 

1200 series HPLC was used. The column was a 4.6 mm i.d. × 150 mm Agilent Eclipse 

XDB-C18 (Santa Clara) using a mobile phase of methanol and water (8:2 by volume) at a 

flow rate of 0.5 mL/min. Chromatographic separations were monitored using a UV 

detector at 274 nm. Finally, an active principle 1 (94 mg) was isolated at a retention time 

of 10.9 min (Fig. 1.4). 
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Fig. 1.3. Isolation procedures of anti-viral principle 1 from the hexan-soluble fraction 

 

 

Fig.1.4. HPLC chromatogram of compound 1. 
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The ethylacetate-soluble fraction (8 g) was also chromatographed on a silica gel 

column and eluted with a gradient of chloroform and methanol as stated previously to 

provide eight fractions (Fig. 1.5). Active fractions 4 to 5 (E4, 2440 mg) and 7 (E7, 569 

mg) were obtained. The active fraction E4 were rechromatographed on a silica gel 

column eluted with chloroform:methanol:water (7:3:0.05 by volume) to give 9 fractions 

(≈450 mL each). A preparative HPLC was used for separation of constituents from the 

active fractions 3 to 5 (E44, 1760 mg). The HPLC column was a 4.6 mm i.d. × 150 mm 

Agilent Eclipse XDB-C18 using a mobile phase of methanol and water (3:7 by volume) at 

a flow rate of 0.5 mL/min. Chromatographic separations were monitored using a UV 

detector at 260 nm. Finally, an active principle 2 (75 mg) was isolated was at a retention 

time of 4.83 min (Fig. 1.6). The active fraction E7 was obtained by Merck TLC silica gel 

60 RP-18 [chloroform:methanol:water (70:25:5)] (Rf = 0.72, 45 mg) and more purified by 

a HPLC (4.6 mm i.d. × 150 mm Agilent Eclipse XDB-C18 column, mobile phase of 

methanol and water 2:8 at a flow rate of 0.5 ml/ml, UV detector at 280 nm). Finally, an 

active principle 3 (38 mg) was isolated at a retention time of 7.01 min (Fig. 1.7) 
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Fig. 1.5. Isolation procedures of anti-viral principle 2 and 3 from the ethylacetate-soluble 

fraction 

 

Fig. 1.6. HPLC chromatogram of compound 2 
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Fig. 1.7. HPLC chromatogram of compound 3. 

1.2.10. Effect of active constituents on the infectivity of human rhinovirus particles  

To test the effects of P. lactiflora root constituents on the infectivity of HRV particles, 

HRV was pre-treated for 1 h at 4°C with the constituents at proper concentrations. 

Monolayers of MRC5 cells grown in 96-well microtiter plates were infected with the 

pretreated or unpretreated HRVs for 1 h at 37°C. Unbound viruses were removed by 

washing the test wells twice with PBS, and then cells were incubated in fresh medium 

supplemented with or without the constituents for 2 days at 37°C. Antiviral activity was 

determined by MTT assay after two-day incubations. 

1.2.11. Time course of compound addition 

The time-of-addition effects of the constituents on HRV were examined according to 

previously described procedures (Cho et al., 2010b). MRC5 cells were seeded onto 96-

well culture plates at a density of 3 × 104 cells per well and incubated for 1 day. After 

washing with 1× PBS, PA and PGG at 100 and 20 g/mL, respectively (the 
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concentrations resulted in about 60% of viral inhibition), were then added onto the cells 

at either before (–1 h), during (0 h), or after the period of HRV-4 infection (1, 2, 4, 6, 8, 

12, 16, 20, and 24 h). For the treatment –1 h, after 1 h treatment with the test compounds, 

cells were washed off and infected with the HRV in compound-free medium. After 2 days, 

antiviral activity was evaluated as described previously. Ribavirin (100 g/mL) served as 

a positive control and was similarly prepared. 

1.2.12. Real-time quantitative RT-PCR analysis 

To evaluate the level of gene expression, real-time RT-PCR with SYBR Green dye 

was applied. Briefly, infected and noninfected cultures of MRC5 monolayers grown in 

25cm2 cell culture flasks (Corning Costar, NY, USA) were treated with 100 µg/mL PA 

and 20 µg/mL PGG. After 2 days of treatments, the total RNA extraction from the 

noninfected (mock) and infected cultures was achieved with a Qiagen RNeasy kit 

(QIAGEN GmbH, Hilden, Germany) following the manufacturer’s instructions. 

Contaminated genomic DNA was removed using Promega RQ1 RNase-free DNAase 

(Madison, WI, USA). Amount of total RNA (1 µg) was converted to cDNA using 

Invitrogen Superscript First – Strand Synthesis System (Carlsbad, CA, USA) for RT-PCR. 

Five log10-fold dilutions of cDNA for each RNA were performed to determine PCR 

efficiency (100 ng–10 pg per reaction). Quantitative RT-PCR was conducted in 96-well 

plates using Life Technology Applied Biosystem StepOne-plus real-time PCR system 

(Foster, CA, USA). A volume of each reaction mixture (20 µL) consisted of 10 µL 

Thermo Scientific Maxima SYBR Green/ROX qPCR Master Mix (2X) (Foster, CA, 

USA), 2 µL of forward and reverse primers (5 pmol of each), 1µL cDNA (8 ng), and 7 µL 
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water. Oligonucleotide PCR primer pairs are listed in Table 1.1. The reaction conditions 

were as follows: 50°C for 2 min, 95°C for 10 min, and then 50 cycles of 95°C for 15 s 

and either 60°C (2-microglobulin (B2M), IL-6, IL-8, LDLR, ICAM-1, HRV-2, HRV-4) 

or 58°C (B2M, Il-1) or 55°C (B2M, TLR3, TNF-α, IFN-) for 30 s. All samples were 

run in duplicate. Experiments were performed three times. The relative level of mRNA 

expression of specific gene was calculated based on 2-C
T method, and normalized to 

mRNA level for the housekeeping gene B2M; CT= (CT.Target -CT2-microglobulin); CT 

representing the threshold cycle. 

1.2.13. Measurement of ICAM-1 and LDLR expression 

The expressions of ICAM-1 and LDLR were examined with real-time quantitative 

RT-PCR analysis and western blot. Furthermore, concentrations of sICAM-1 (soluble 

intercellular adhesion molecule–1) in cell-free culture supernatants after 2 days of 

treatments were measured using a Pierce Biotechnology sICAM-1 ELISA kit (Rockford, 

IL, USA). The sensitivities of the assays were 0.3 ng/mL. The concentrations of ICAM-1 

in the test samples were determined from OD values using standard curve of each assay. 

All data presented represent in mean  SD of at least three separate experiments. 
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Table 1.1. Primers used for real-time RT-PCR 

Gene 

name 

RefSeq ID Forward primer and 

 Reverse primer 

cDNA 

amplicon 

size 

Reference 

B2M AF072097 CTCCGTGGCCTTAGCTGTG 

TTTGGAGTACGCTGGATAGCCT 

68 Iwasaki et al., 

2004 

ICAM-1 NM_000201.2 ACCTCCCCACCCACATACATTT 

GGCATAGCTTGGGCATATTCC 

96 Viemann et 

al., 2004 

LDLR NM_000527 CTGGAAATTGCGCTGGAC 

CGCAGACCCACTTGTAGGAG 

125 Luo, 2011 

IL-6 M14584 GACCCAACCACAAATGCCA 

GTCATGTCCTGCAGCCACTG 

68 Iwasaki et al., 

2004 

IL-8 NM_000584 CTGGCCGTGGCTCTCTTG 

CCTTGGCAAAACTGCACCTT 

69 Iwasaki et al., 

2004 

TLR3 NM_003265 TCCCAAGCCTTCAACGACTG 

TGGTGAAGGAGAGCTATCCACA  

68 Iwasaki et al., 

2004 

TNF-α M10988 GGTGCTTGTTCCTCAGCCTC 

CAGGCAGAAGAGCGTGGTG 

65 Iwasaki et al., 

2004 

IL-1 M15330 ACGAATCTCCGACCACCACT 

CCATGGCCACAACAACTGAC 

65 Iwasaki et al., 

2004 

IFN- M28622 CAGCAATTTTCAGTGTCAGAAGC 

TCATCCTGTCCTTGAGGCAGT 

74 Iwasaki et al., 

2004 

HRV- 4 DQ473490.1 CGGCCCCTGAATGCGGCTAA 

GAAACACGGACACCCAAAGTA 

115 Kares et al., 

2004 

HRV- 2 X02316.1 CGGCCCCTGAATGTGGCTAA 

GAAACACGGACACCCAAAGTA 

115 Modification 

from Kares et 

al., 2004 
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1.2.14. Western blotting 

Cell lysates from infected and noninfected MRC5 cultures grown in 25cm2 cell 

culture flasks after two days of incubation with or without the test compounds were 

obtained in RIPA buffer (Sigma-Aldrich) and 1% mammalian cell protease inhibitor 

cocktail (Sigma-Aldrich). The Abcam primary antibodies, anti-IAM1 antibody (rabbit 

polyclonal to ICAM-1), anti-LDL receptor antibody (rabbit polyclonal to LDL receptor), 

and anti-actin antibody (rabbit polyclonal to actin), and Abcam secondary antibody 

(horseradish peroxidase conjugated goat polyclonal to rabbit) (Cambridge, UK) were 

used in the experiments. Working dilutions of primary antibody were dilulted 500, 2000, 

and 1000 times for anti-IAM1, anti-LDL receptor, and anti-actin antibody, respectively. 

Working dilution of secondary antibody was 1000, 1000, and 800 for anti-IAM1, anti-

LDL receptor, and anti-actin, respectively. 

Ten micrograms of cell lysates from different treatments were mixed with an equal 

volume of 5× Laemmli sample buffer, boiled in 10 min, and resolved by electrophoresis 

in 11% sodium dodecyl sulfate-polyacrylamide gels (SDS-PAGE) (Laemmli, 1970). After 

electrophoresis at 120 V in 2 h, proteins from the gels were transferred onto a Pall 

Corporation polyvinyl difluoride membrane (Pensacola, FL) using a Bio-Rad 

electroblotting apparatus (Hercules, CA, USA). The membranes for anti-IAM1 and anti-

LDLR were incubated in blocking solution containing 5% nonfat dry milk for 4 h to 

inhibit nonspecific binding. These membranes were then incubated overnight at 4°C with 

the primary antibodies. After washing with PBS three times (10 min each time), the 

membranes were further incubated with the secondary antibody for 2 h, and washed with 

PBS containing 0.5% Tween-20 (v/v) four times (15 min each). The membranes for anti-
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actin were incubated in PBS blocking solution containing 5% BSA overnight to inhibit 

nonspecific binding, and then incubated with anti-actin antibody in the blocking solution 

containing for 3 h at 25°C and washed four times (15 min/each) in PBS containing 0.1% 

tween-20 (v/v) at room temperature before incubated with the second antibody. Finally, 

all the membranes were developed with an Amersham Bioscience ECL 

chemiluminescence reagent (Buckinghamshire, UK) and exposed to an AGFA CP-PU X-

ray film (Mortsel, Belgium). Western blot results were analyzed using a Bio-Rad 

Molecular Imager Gel Doc XR system (Hercules, CA). Differences in protein expressions 

were quantified by using a Bio-Rad Molecular Imager Gel Doc XR system (Hercules, CA) 

and normalized to actin expression on the same membrane. 

1.2.15. Measurement of cytokine production 

The concentrations of IL-6, IL-8 and tumor necrosis factor (TNF-α) in cell-free 

culture supernatants after 2 day of treatments were measured by the methods of specific 

enzyme-linked immunosorbent assays. BD Biosciences OptEIA IL-6 ELISA, IL-8 ELISA, 

and TNF-α ELISA kit (San Diego, CA, USA) were used for the assays; the sensitivities of 

these ELISA assays were 2.2, 0.8, and 2.0 pg/mL, respectively. All of the assays were 

done in duplicate. The concentrations of IL-6, IL-8, and TNF-α in the test samples were 

determined from OD values using standard curve of each assay. All data presented 

represent in mean  SD of at least three separate experiments. 

1.2.16. Data analysis 

IC50 and CC50 values were the average of three assays performed in quadruplicate 

wells. Selectivity index (SI) was defined as CC50/IC50. All statistical analysis was 
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performed on GraphPad Prism 5 software program (San Diego, CA). The Bonferroni 

multiple-comparison method was used to test for significant differences among the treatments. 
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1.3. Results 

1.3.1. Bioassay-guided fractionation and isolation of active principles 

Fractions obtained from the solvent hydrolyzable of the methanol extract of P. 

lactiflora root were tested against HRV-4 in HeLa cell by an MTT assay (Table 1.2). 

Based on IC50 values, the methanol extract was proved to have anti-viral against the virus 

(113.5 µg/mL). The hexane-soluble fraction showed the most potent antiviral activity, 

followed by the ethyl acetate-soluble fraction. These fractions were used to identify peak 

activity fractions for the next step in the purification. The chloroform-, butanol- and 

water-soluble fractions were ineffective. 

Table 1.2. Fractions obtained from the solvent hydrolyzable of the methanol extract of P. 

lactiflora root toward HRV-4 in HeLa cells 

Test material IC50 (μg/mL)b (95% CLe) CC50 (μg/mL)c (95% CLe) SId

MeOH extract 113.5 (102.8–125.4) >1000 >10 

Hexan-SFa 70.2 (66.7–73.8) 254.0 (242.3–266.3) 3.6 

Chloroform-SF     NDf 136 (125.4–157.6) — 

Ethyl acetate-SF 121.5 (117.1–125.9) 552.9 (504.1–606.5) 4.6 

Butanol-SF    > 1000     > 1000 — 

Water-SF    > 1000     > 1000 — 

a Soluble fraction 

b Concentration required to inhibit virus-induced CPE by 50%. 
c Concentration required to reduce cell growth by 50%. 
d Selectivity index, CC50 for cell growth/IC50 for viral CPE. 
e CL denotes confidence limit. 
f No determination  
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Cytopathic effect inhibition assay-guided fractionation of P. lactiflora root extract 

afforded three antiviral principles identified by spectroscopic analyses, including MS and 

NMR. The three antiviral principles were paeonol (PA) (1), gallic acid (GA) (2), and 

1,2,3,4,6-penta-O-galloyl--D-glucopyranose (PGG) (3) (Fig. 1.20). 

PA (1) was identified on the basis of the following evidence: pale yellow needles. 

UV (MeOH): max nm: 274. FT-IR: vmax 3450 cm–1 (OH), 1620 cm–1 (conjugated C=O), 

1576 cm–1 (aromatic C=C) (Fig. 1.11). EI-MS (70eV), m/z (% rel. int.): 166 [M]+ (48.7), 

151 (100), 108 (6.6), 95 (7.5), 80 (1.9), 69 (2.4) (Fig. 1.8). 1H and 13C NMR data are 

given in Figures 1.9 and 1.10 and Table 1.3. 

 

 

Fig. 1.8. EI-MS of compound 1 
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Fig. 1.9. 1H-NMR spectrum of compound 1 

 

 

Fig. 1.10. 13C-NMR spectrum of compound 1 
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Table 1.3. 1H-NMR (600 MHz) and 13C-NMR (150 MHz) spectral data of compound 1 

Position Partial 
structure 

δC 
(ppm) 

δH (ppm) δC (ppm) (CD3OD, 
100 MHz) 

Kim et al (2004) 

δH (ppm) (CD3OD, 400 
MHz) 

Kim et al (2004) 
1 C 115.2  115.0  

2 C 166.4  166.2  

3 CH 101.9 6.41 d (J = 2.4 Hz) 101.7 6.38 d (J = 2.4 Hz) 

4 C 167.9  167.7  

5 CH 108.5 6.5 dd (J = 8.9, 2.4 Hz) 108.3 6.46 dd (J = 9.0, 2.4 Hz) 

6 CH 134.2 7.77 d (J = 8.9 Hz) 133.9 7.74 d (J = 9.0 Hz) 

7 C 204.7  204.5  

8 CH3 26.5 2.55 s 26.3 2.52 s 

9 CH3 56.3 3.84 s 56.1 3.82 s 

 

 

 

Fig. 1.11. FT-IR spectra of compound 1 
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GA (2): white powder; UV (MeOH): max nm: 260. FT-IR: vmax 3491–3063 cm–1 (OH 

stretch), 1608 cm–1 (aromatic C=C) (Fig. 1.15). EI-MS (70eV), m/z (% rel. int.): 170.1 

[M]+ (100), 153 (66.1), 125 (11.6), 124 (3), 107 (3.2), 79 (6.5), 78 (2.1) (Fig. 1.12). 1H 

and 13C NMR data are given in Figures 1.13 and 1.14 and Table 1.4. 

 

Fig. 1.12. EI-MS of compound 2 
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Fig. 1.13. 1H-NMR spectrum of compound 2 

 

Fig. 1.14. 13C-NMR spectrum of compound 2 
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Table 1.4. 1H-NMR (600 MHz) and 13C-NMR (150 MHz) spectral data of compound 2 

Position Partial 
structure 

δC 
(ppm) 

δH (ppm) δC (ppm) (CD3OD) 
(Sakar et al, 1998) 

δH (ppm) (CD3OD) 
(Sakar et al, 1998) 

1 C 122.1  122.8  

2 CH 110.4 7.03 s 110.6 7.05 s 

3 C 146.5  146.7  

4 C 139.7  139.8  

5 C 146.5  146.7  

6 CH 110.4 7.03 s 110.6 7.05 s 

7 C 170.6  170.8  

 

 

 

Fig. 1.15. FT-IR spectra of compound 2 
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PGG (3): gray powder; []D
22: +25.8 (c0.004, ethanol). UV (MeOH): max nm: 280. 

FT-IR: vmax 3332 cm–1 (OH), 1694 cm–1 (conjugated C=O), 1610, 1535 cm–1 (aromatic 

C=C) (Fig. 1.19). FAB+-MS, m/z: 986 [M+Na]+. FAB-MS: 939 [M-H]– (8.0), 787 [M-

(HO)3C6CO]– (3.4), 769 (M-gallic acid-H)– (2), 617 (M-digallic acid-H)– (1.9), 601 [M-

gallic acid-(HO)3C6H2COO]– (2.9), 447 (M-tetragallic acid-H)– (1.7) (Fig. 1.16). 1H and 

13C NMR data are given in Figures 1.17 and 1.18 and Table 1.5. 

 

 

Fig. 1.16. FAB-MS- of compound 3 
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Fig. 1.17. 1H-NMR spectrum of compound 3 

 

Fig. 1.18. 13C-NMR spectrum of compound 3 
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Table 1.5. 1H-NMR (600 MHz) and 13C-NMR (150 MHz) spectral data of compound 3 

Position Partial 
structure 

δC (ppm) δH (ppm) δC (ppm) (DMSO-
d6, 600 MHz) 

Zhao et al (2007) 

δH (ppm) (DMSO-d6, 
600 MHz) 

Zhao et al (2007) 
1 CH 94.2 6.20 d (J = 8.28 Hz) 92.2 6.36 d (J = 9.5 Hz) 

2 CH 70.4 – 74.8 5.54 t (J = 9.7 Hz) 68.2 – 72.6 5.45 t (J = 9.5 Hz) 

3 CH 70.4 – 74.8 5.90 t (J = 9.7 Hz) 68.2 – 72.6 5.96 t (J = 9.5 Hz) 

4 CH 70.4 – 74.8 5.61 t (J = 9.3 Hz) 68.2 – 72.6 5.94 t (J = 9.5 Hz) 

5 CH 70.4 – 74.8 4.51 d (J = 10.6 Hz) 68.2 – 72.6 4.57 m 

6 CH2 63.6 4.36 m 

 

61.9 4.59 m 

 4.30 dd (J = 3.12 Hz) 

Carboxyl C 166.5 – 168.2  164.4 – 165.9  

1’galloyl C 120.6 – 121.5  117.9 – 119.4  

2’galloyl CH 110.8 – 111.1 6.89 s – 7.04 s 109.2 – 109.5 6.9 s 

3’galloyl C 146.5 – 146.8  145.8 – 146.1  

4’galloyl C 140.4 – 140.7  139.2 – 140.1  

5’galloyl C 146.5 – 146.8  145.8 – 146.1  

6’galloyl CH 110.8 – 111.1 6.89 s – 7.04 s 109.2 – 109.5 6.9 s 

 

 

Fig. 1.19. FT-IR spectra of compound 3. 
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(1) (2)     (3) 
 

Fig. 1.20. Structures of paeonol (PA) (1), gallic acid (GA) (2), and 

1,2,3,4,6- penta-O-galloyl--D-glucopyranose (PGG) (3). 

 

1.3.2. Cytotoxicity of test compounds 

Cytotoxic effects of three active constituents and ribavirin on HeLa and MRC5 cells 

(Table 1.6) were evaluated using an MTT assay. As judged by CC50 values, PA and 

ribavirin (> 500 μg/mL) did not cause cytotoxicity to both of the cell lines. PGG was 

slightly toxic and exhibited the cytotocxicity similar to both cell lines (CC50, 102.3 

μg/mL). However, GA caused high toxicity to MRC5 (CC50, 37.0 μg/mL), whereas it 

showed very low toxicity to HeLa cells (CC50, 255.2 μg/mL). 
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Table 1.6. Cytoxicity of P. lactiflora root constituents and ribavirin toward HeLa cells and 

MRC5 

Test compounda 
CC50 (μg/mL)b (95% CLc) 

HeLa cells MRC5 cells 

PGG 102.3 (92.19–113.5) 102.0 (95.71–108.7) 

GA 255.2 (221.7–293.8) 37.0 (32.04–42.74) 

PA >500 >500 

Ribavirin >500 >500 

a PGG, 1,2,3,4,6-penta-O-galloyl--D-glucopyranose; GA, gallic acid; and PA, paeonol. 
b Concentration required to reduce cell growth by 50%. 
c CL denotes confidence limit. 

 
1.3.3. Antiviral activity of test compounds 

The antiviral activity of PA, GA, PGG, and ribavirin toward HRV-2 and HRV-4 in 

HeLa cells was evaluated using an MTT assay (Table 1.7). Based on IC50 values, PGG 

was the most active constituent to HRV-2 (10.88 μg/mL) and HRV-4 (13.53 μg/mL) and 

was 6.8- and 5.8-fold more activity than ribavirin (74.13 and 79.14 μg/mL), respectively. 

The activity of GA and ribavirin did not differ significantly from each other. The antiviral 

activity of PA was the lowest of any of the test compounds. 
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Table 1.7. Antiviral activity of P. lactiflora root constituents and ribavirin toward HRV-2 

and HRV-4 in HeLa cells 

Test materiala IC50 (μg/mL)a (95% CLc) SI  

 HRV-2 HRV-4 HRV-2 HRV-

4 

PGG 10.88 (9.20–12.88) 13.53 (11.59–

15.79) 

9.4 7.6 

GA 72.64 (65.72–80.30) 76.23 (69.32–

83.83) 

3.5 3.3 

PA 101.1 (95.70–106.9) 85.39 (78.69–

92.66) 

> 4.9 > 5.9 

Ribavirin 74.13 (67.48–81.43) 79.14 (71.90–

87.12) 

> 6.7 > 6.3 

a PGG, 1,2,3,4,6-penta-O-galloyl--D-glucopyranose; GA, gallic acid; and PA, paeonol. 
b Concentration required to inhibit virus-induced CPE by 50%. 
c CL denotes confidence limit. 

The antiviral activities of all compounds toward HRV-2 and HRV-4 in MRC5 cells 

were likewise evaluated (Table 1.8). As judged by IC50 values, PGG exhibited the 

strongest activity toward HRV-2 (16.83 μg/mL) and HRV-4 (16.31 μg/mL) and was 3.5 

and 4.7 times more toxic, respectively, than ribavirin (58.73 and 76.16 μg/mL). PA 

exhibited significantly lower antiviral activity than ribavirin toward HRV-2 but the 



68 

 

antiviral activity of PA was not significantly different from that of ribavirin toward HRV-

4. However, GA showed no active to both of the virus serotypes in MRC5 cells. 

Table 1.8. Antiviral activity of P. lactiflora root constituents and ribavirin toward HRV-2 

and HRV-4 in MRC5 cells 

Test materiala IC50 (μg/mL)a (95% CLc) SI  

 HRV-2 HRV-4 HRV-2 HRV-

4 

PGG 16.83 (14.92–18.98) 16.31 (13.85–19.21) 6.1 6.3 

GA NDd ND — — 

PA 83.61 (69.82–100.1) 81.79 (72.52–92.25) > 6.0 > 6.1 

Ribavirin 58.73 (50.87–67.81) 76.12 (71.40–81.16) > 8.5 > 6.6 

a PGG, 1,2,3,4,6-penta-O-galloyl--D-glucopyranose; GA, gallic acid; and PA, paeonol. 
b Concentration required to inhibit virus-induced CPE by 50%. 
c CL denotes confidence limit. 
d No determination 

 
Comparisons were made to determine antiviral activity differences involving the 

skeletal structure and functional groups of PA and 10 structurally related compounds 

(Table 1.9). Based on IC50 values, 2',6'-DHMAP, XT, and PA showed the most potent 

antiviral activity toward HRV-2 in MRC5. Low antiviral activity was produced by p-HPP 

and 2',4'-DHAP. No antiviral activity was obtained from 2,4-DHCA, 2-HBA, 4'-HAP, and 

AP, SA and 2-EP. Similar results were likewise observed in the antiviral activity toward 

HRV-4 in MRC5. 
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Table 1.9. Antiviral activity of paeonol and 10 structurally related compounds toward 

HRV-2 and HRV-4 in MRC5 

Compoundsa IC50 (μg/mL)b (95% CLc) 

 HRV-2 HRV-4 

2',6'-DHMAP 62.39 (57.75–67.41) 37.33 (33.99–41.01) 

XT 67.68 (58.62–78.14) 77.94 (73.56–82.57) 

PA 83.61 (69.82–100.1) 81.79 (72.52–92.25) 

p-HPP 166.8 (154.2–180.4) 125.0 (116.8–133.9) 

2',4'-DHAP 268.1 (245.8–292.4) 265.6 (255.5–276.1) 

2,4-DHCA NDd ND 

2-HBA ND ND 

SA ND ND 

2-EP ND ND 

4'-HAP ND ND 

AP ND ND 

a Abbreviations are same as in the text. 
b Concentration required to inhibit virus-induced CPE by 50% 
c CL denotes confidence limit. 
d No determination 
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Base on CC50 data from Table 1.10, PA, p-HPP, 2',4'-DHAP, 2,4-DHCA, 2-HBA, 4'-

HAP, AP, XT, and ribavirin did not cause cytotoxicity to both of the human lung cell lines 

(CC50 >300); 2',6'-DHMAP showed highest toxicity (66.7 and 66.8 to MRC5 and A4594, 

respectively), followed by, 2-EP (90.8 and 97.2 to MRC5 and A4594, respectively).  

Table 1.10. Cytotoxicity of paeonol and 10 structurally related compounds to MRC5 and 

A549 

Compoundsa 
CC50 (μg/mL)b (95% CLc) 

MRC5 A549 

2',6'-DHMAP 67.7 (63.8–69.79) 66.8 (59.24–82.29) 

XT 312.9 (282.1–347.0) 336.4 (312.1–362.7) 

Paeonol 522.5 (475.8–573.7) 544.5 (501.4–591.4) 

p-HPP 591.9 (525.5–667.2) 336.4( 320.4–389.4) 

2',4'-DHAP 536.1 (508.8–565.0) 435.3 (377.7–501.6) 

2,4-DHCA 645.1 (488.0–852.8) 541.4 (483.6–606.0) 

2-HBA 357.5 (329.7–387.5) 537.7 (527.0–548.6) 

SA 167.7 (143.3–196.2) 161.7 (130.5–200.2) 

2-EP 90.8 (72.5–113.8 97.2 (78.9–120.1) 

4'-HAP 446.1 (446.1–612.2) 272.2 (261.8–282.8) 

AP 510.8 (441.5–590.9 989.9 (929.7–1054) 

Ribavirin 533.3 (514.3–553.0) 621.2 (606.1–636.7) 
 

a Abbreviations are same as in the text. 
b Concentration required to reduce cell growth by 50%. 
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It was possible to calculate the selectivity indices (SI = CC50/IC50) for 5 of the tested 

compounds: only PA, XT and p-HPP presented SI >3 values, 2',4'-DHAP and 2',6'-

DHMAP presented 2 and 0.9 ~ 1.5 respectively (Table 1.11 ). Selective indices of all of 

these compounds were less than positive control ribavirin (≥7), and the other six 

compounds did not inhibit rhinovirus CPE at all test concentrations. Their selectivity 

indices therefore could not be calculated. 

Table 1.11. The selectivity indices of paeonol and structurally related compounds toward 

HRV-2 and HRV-4 in MRC5 cell cultures 

Compounds Selectivity indexa 

Anti-HRV-2 Anti-HRV-4 

Paeonol 6.2 6.4 

XT 4.6 4.0 

p-HPP 3.5 4.7 

2',4'-DHAP 2.0 2.0 

2',6'-DHMAP 0.9 1.5 

Ribavirin 9.1 7.0 

 

                a CC50/IC50. 
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1.3.4. Effects of PA and PGG on the infectivity of HRV particles 

PGG and PA were used to investigate the action mechanism of the active 

constituents toward HRV-4 and HRV-2 because GA had no activity to both viruses in 

MRC5 and displayed very high toxic to this cell line. 

The effects of PGG (20 µg/mL), PA (100 µg/mL), or ribavirin (100 µg/mL) on 

infectivity of the HRV-4 particles were examined using a MTT assay (Fig. 1.21). Neither 

PGG, PA, or ribavirin exhibited any interaction with the HRV-4 particles in the pre-

incubation test, resulting in only 11.2%, 10.6%, and 10.0% of MRC5 cells protected from 

the HRV-4 destruction, respectively. However, in the simutaneous incubation test, these 

compounds at the same concentration had protected 54.5%, 57.2%, and 58.2% of MRC5 

cells from the HRV-4 destruction, respectively. 

 

Fig. 1.21. Effects of PA, PGG, and ribavirin on the infectivity of HRV-4 particles in the 

pre-incubation and simutaneous incubation tests. PA, Paeonol, PGG, 1,2,3,4,6-penta-O-

galloyl--D-glucopyranose. “***” indicates P < 0.001, preincubation of three test 

compounds with HRV showed non significance different P >0.05, Bonferroni multiple 

comparison test 
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1.3.5. Time course of test compound addition 

Time-course addition experiments of the test compounds were carried out to 

determine the stage(s) at which the active compounds exerted its inhibitory effects (Fig. 

1.22). In the incubation of PA or PGG simultaneously with the virus HRV-4, these 

compounds produced significantly stronger inhibitions to the virus than when the cells 

were pre-treated with PA or PGG 1 h or post infection (1–24 h). Ribavirin also showed 

similar results. 

 

Fig. 1.22. Time-of-addition effects of PA, PGG, and ribavirin on HRV-4 replication in 

MRC5 cells. PA, Paeonol; PGG, 1,2,3,4,6-penta-O-galloyl--D-glucopyranose. “***” 

indicates P < 0.001, “*” indicates P < 0.05; Bonferroni multiple comparison test 
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1.3.6. Effects of PA and PGG on the level of HRV replication 

The RNA replication levels of HRV-2 and HRV-4 in the MRC5 cells were 

remarkably inhibited in the cell cultures treated with PA or PGG (Fig. 1.23). At the 

presences of 100 µg/mL PA or 20 g/mL PGG in the MRC5 cell cultures infected with 

HRV-2, the RNA replication levels of the HRV-2 were reduced by 30.1 or 14.3 folds, 

respectively, compared with the replication levels in the cell cultures without compound 

treatment (Fig. a). Similarly, the replication levels of the HRV-4 in the MRC5 cell culture 

with the treatment of PA or PGG were also reduced by 16.3 and 15.1 folds, respectively, 

compared with the untreated cultures (Fig. b). 

(a) (b) 

 

Fig. 1.23. Replication of HRV-2 (a) and HRV-4 (b) detected by real-time quantitative RT-

PCR in MRC5 cells after 2 days of infection in the presence of 100 g/mL PA or 20 

g/mL PGG. HRV RNA expressions were normalised to the constitutive expression of 

2-microglobulin (B2M) mRNA. PA, Paeonol; PGG, 1,2,3,4,6-penta-O-galloyl--D-

glucopyranose. “***” indicates P < 0.001, cultures treated with 100 µg/mL PA and 20 

g/mL PGG showed non significance different P >0.05, Bonferroni multiple comparison 

test. 
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1.3.7. Effects of PA and PGG on ICAM-1 and LDLR expressions 

mRNA and protein expressions of mICAM-1 in MRC5 2 days after infection in the 

presence of 100 g/mL PA or 20 g/mL PGG were investigated. Using real-time RT-PCR, 

it was found that HRV-2 or HRV-4 infections increased ICAM-1 mRNA expressions, but 

these increases were reduced by PA and PGG treatments (Fig. 1.24). Furthermore, the 

ICAM-1 RNA expression levels in the group of PA or PGG treatments were lower than 

those in the group without the treatments of these compounds.   

 

 

Fig. 1.24. mRNA expressions of mICAM-1 detected by real-time quantitative RT-PCR in 

MRC5 after 2 days of HRV-2 or HRV-4 infection in the presence of 100 g/mL PA or 20 

g/mL PGG. PA, Paeonol; PGG, 1,2,3,4,6-penta-O-galloyl--D-glucopyranose. “***” 

indicates P < 0.001, “**” indicates P < 0.01; ns, non significance different P >0.05, 

Bonferroni multiple comparison test. 
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In the present study, ELISA results revealed that sICAM-1 levels in supernatants of 

infected cultures were higher than those of non-infected cultures, and sICAM-1 levels in 

supernatants of cultures treated with PA or PGG were significant lower than those in 

cultures without treatments of these compounds (Fig. 1.25). 

 

 

Fig. 1.25. Concentration of sICAM-1 detected by ELISA in MRC5 cells after 2 days of 

HRV-2 or HRV-4 infection in the presence of PA or PGG. PA, Paeonol; PGG, 1,2,3,4,6-

penta-O-galloyl--D-glucopyranose. “***” indicates P < 0.001, “**” indicates P < 0.01; 

“*” indicates P < 0.05; ns, non significance different P >0.05, non-infected cultures with 

and without PA and PGG showed non significance different P >0.05, Bonferroni multiple 

comparison test. 
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Western blot analysis revealed that mICAM-1 protein levels in non-infected cultures 

were similar to infected cultures, and the protein levels in cultures treated with PGG and 

PA at the test concentrations were also similar to those in cultures without treatments of 

these compounds (Fig. 1.26.). 

(a) infected with HVR-2 (b) infected with HVR-4 

Fig. 1.26. Western blot analysis of ICAM-1 expression in MRC5 cells after 2-day 

infection with HRV-2 (a) or with HRV-4 (b) in the presence of PA or PGG: (1) control 

(no infected, no treated); (2) infected with HRV, without treated; (3) no infected, treated 

with 100 g/mL PA; (4) infected, treated with 100 g/mL PA; (5) no infected, treated 

with 20 g/mL PGG; (6) infected, treated with 20 g/mL PGG. PA, Paeonol; PGG, 

1,2,3,4,6-penta-O-galloyl--D-glucopyranose. 
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Likewise, mRNA and protein expressions of LDLR in MRC5 2 days after infection 

in the presence of 100 g/mL PA or 20 g/mL PGG were assessed. The current study 

demonstrated that LDLR mRNA expression in the HRV infected cells was similar to that 

in the mock cells and the expression decreased in the groups of PA or PGG treatments 

(Fig. 1.27).  

Fig. 1.27. mRNA expressions of LDLR detected by real-time quantitative RT-PCR in 

MRC5 after 2 days of HRV-2 or HRV-4 infection in the presence of 100 g/mL PA or 20 

g/mL PGG. PA, Paeonol; PGG, 1,2,3,4,6-penta-O-galloyl--D-glucopyranose. “***” 

indicates P < 0.001, “**” indicates P < 0.01; ns, non significance different P >0.05, 

Bonferroni multiple comparison test. 
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Western blot analysis LDLR expression in MRC5 cells after 2-day infection with 

HRV-2 or with HRV-4 in the presence of PA or PGG was also carried out. The results 

showed the presence of 20 µg/mL PGG in cultures made LDLR protein expression 

sharply decline compared with the cultures without PGG treatments (Fig 1.28) whereas 

100 µg/mL PA had no effect on expression of this protein. 

 

(a) infected with HVR-2 (b) infected with HVR-4 

Fig. 1.28. Western blot analysis of LDLR expression in MRC5 cells after 2-day infection 

with HRV-2 (a) or with HRV-4 (b) in the presence of PA or PGG: (1) control (no infected, 

no treated); (2) infected with HRV, without treated; (3) no infected, treated with 100 

g/mL PA; (4) infected, treated with 100 g/mL PA; (5) no infected, treated with 20 

g/mL PGG; (6) infected, treated with 20 g/mL PGG. PA, Paeonol; PGG, 1,2,3,4,6-

penta-O-galloyl--D-glucopyranose. 
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1.3.8. Effects of PA and PGG on expression of cytokines IL-6 and IL-8 

mRNA and protein expressions of cytokines IL-6 and IL-8 in MRC5 after 2 days of 

infection in the presence of PA or PGG were assessed using real-time quantitative RT-

PCR and ELISA. The results of real-time quantitative RT-PCR suggested that, HRVs 

evoked increases of IL-6 and IL-8 mRNA expression levels in the non-treated cell 

cultures, but the expression levels were reduced in the cell cultures treated with PGG or 

PA (Fig. 1.29 and 1.30).  

Fig. 1.29. mRNA expression of IL-6 detected by real-time quantitative RT-PCR in MRC5 

cells after 2 days of HRV-2 or HRV-4 infection in the presence of 100 g/mL PA or 20 

g/mL PGG. PA, Paeonol; PGG, 1,2,3,4,6-penta-O-galloyl--D-glucopyranose. “***” 

indicates P < 0.001, “**” indicates P < 0.01; ns, non significance different P >0.05, 

Bonferroni multiple comparison test. 
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Fig. 1.30. mRNA expression of IL-8 detected by real-time quantitative RT-PCR in MRC5 

cells after 2 days of HRV-2 or HRV-4 infection in the presence of 100 g/mL PA or 20 

g/mL PGG. PA, Paeonol; PGG, 1,2,3,4,6-penta-O-galloyl--D-glucopyranose. “***” 

indicates P < 0.001; ns, non significance different P >0.05, Bonferroni multiple 

comparison test 
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The concentrations of IL-6, IL-8 detected by ELISA in the HRV-infected cell 

supernatants were significantly higher than those in the non-infected cell supernatants, 

and they also were reduced by PA and PGG treatments. The decreases in HRV-induced 

IL-6 and IL-8 secretion by 20 µg/mL PGG treatment were higher than those by 100 

µg/mL PA treatment (Fig. 1.31 and 1.32). PA and PGG affected IL-6 and IL-8 protein 

expressions in a dose-responsive manner.  

 
 

Fig. 1.31. Concentration of IL-6 detected by ELISA in MRC5 cells after 2 days of HRV-2 

or HRV-4 infection in the presence of PA or PGG. PA, Paeonol; PGG, 1,2,3,4,6-penta-O-

galloyl--D-glucopyranose. “***” indicates P < 0.001, “**” indicates P < 0.01; “*” 

indicates P < 0.05; ns, non significance different P >0.05, Bonferroni multiple 

comparison test. 
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Fig. 1.32. Concentration of IL-8 detected by ELISA in MRC5 cells after 2 days of HRV-2 

or HRV-4 infection in the presence of PA or PGG. PA, Paeonol; PGG, 1,2,3,4,6-penta-O-

galloyl--D-glucopyranose. “***” indicates P < 0.001, “**” indicates P < 0.01; “*” 

indicates P < 0.05; ns, non significance different P >0.05, Bonferroni multiple 

comparison test. 
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1.3.9. Effects of PA and PGG on expressions of other cytokines 

Likewise, the possibility that the constituents inhibit other cytokines such as TNF-α, 

IFN- and IL-1 was also investigated. 

The expression of TNF-α RNA in the culture challenged with HRVs was similar to 

that in the non-infected cell cultures (Fig. 1.33). And the treatment of PA and PGG did 

not remarkably reduce the TNF-α RNA expression in comparison to the untreated cells. 

TNF-α protein was not detectable in supernatants of all the cultures after 48 hours by the 

ELISA assays in the present study.  

 

 

Fig. 1.33. mRNA expression of TNF-α detected by real-time quantitative RT-PCR in 

MRC5 cells after 2 days of HRV-2 or HRV-4 infection in the presence of 100 g/mL PA 

or 20 g/mL PGG. PA, Paeonol; PGG, 1,2,3,4,6-penta-O-galloyl--D-glucopyranose. 

Non significance different between all treatments (P >0.05), Bonferroni multiple 

comparison test. 
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Although IFN- RNA expression did not occur in the non-infected cell cultures, 

IFN- RNA was expressed in the cell cultures infected with test HRVs. The IFN- RNA 

expressions were meaningfully inhibited by PA or PGG treatment (Fig. 1.34).  

 

Fig. 1.34. mRNA expression of IFN-β detected by real-time quantitative RT-PCR in 

MRC5 cells after 2 days of HRV-2 or HRV-4 infection in the presence of 100 g/mL PA 

or 20 g/mL PGG. PA, Paeonol; PGG, 1,2,3,4,6-penta-O-galloyl--D-glucopyranose. 

“***” indicates P < 0.001; ns, non significance different P >0.05, Bonferroni multiple 

comparison test. 

 

  



86 

 

IL-1β mRNA expression was also highly induced by HRV-2 or HRV-4, and the 

induction disappeared or was significantly reduced by treatment of PA or PGG (Fig. 

1.35). 

 

 

 
 
Fig. 1.35. mRNA expression of IL-1β detected by real-time quantitative RT-PCR in 

MRC5 cells after 2 days of HRV-2 or HRV-4 infection in the presence of 100 g/mL PA 

or 20 g/mL PGG. PA, Paeonol; PGG, 1,2,3,4,6-penta-O-galloyl--D-glucopyranose. 

“***” indicates P < 0.001, Bonferroni multiple comparison test. 
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1.3.10. Effects of PA and PGG on TLR3 mRNA expression  

TLR3 mRNA expression in infected cells was increased in comparison to uninfected 

cells, and TLR3 mRNA expression in the cultures with the PA or PGG treatments was 

lower than that in the cultures without the treatments of these compounds (Fig 1.36). 

 

Fig. 1.36. Expression of TLR3 mRNA detected by real-time quantitative RT-PCR in 

MRC5 cells after 2-day of HRV-2 or HRV-4 infection in the presence of 100 g/mL PA 

or 20 g/mL PGG. PA, Paeonol; PGG, 1,2,3,4,6-penta-O-galloyl--D-glucopyranose. 

“***” indicates P < 0.001, “**” indicates P < 0.01; “*” indicates P < 0.05; ns, non 

significance different P >0.05, Bonferroni multiple comparison test. 
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1.4. Discussion 

Investigations on the modes of action and the resistance mechanisms of naturally 

occurring antibacterial agents provide practically important information for the control of 

viral diseases and for the development of selective control alternatives with novel target 

sites and low toxicity (Kitazato et al., 2007, Jassim and Naji, 2003). A variety of plant 

preparations offer a variety of anti-infectious compounds, particularly antiviral agents 

have shown potentials for inhibiting viruses causing serious infections among humans 

(Mukhtar et al., 2008). They can be developed into antiviral products because they can be 

selective, safety, and applied to human in the same manner as conventional drugs 

(Kitazato et al., 2007). They have a variety of chemical constituents, which have the 

ability to inhibit the replication cycle of various types of DNA or RNA viruses. (Jassim 

and Naji, 2003). Certain plant-derived materials and their constituents manifest antiviral 

activity toward a number of HRV serotypes (Tsuchiya et al., 1985; De Tommasi et al., 

1990; Van Hoof et al., 1984; Singh et al., 2001; Rollinger et al., 2009) and have been 

proposed as alternatives to conventional antiviral drugs. For example, orobol 7-O-D-

glucoside, gallic acid, and raoulic acid from Lagerstroemia speciosa, Woodfordia 

fruticosa, and Raoulia australis, respectively, have been reported for their anti-HRV 

properties in HeLa cells (Choi et al., 2010a, b, c). In the present study, the antiviral 

principles of P. lactiflora root toward HRV-2 and HRV-4 in both HeLa and MRC5 cells 

were identified as paeonol (PA) (1), gallic acid (GA) (2), and 1,2,3,4,6-penta-O-galloyl--

D-glucopyranose (PGG) (3). The interpretations of proton and carbon signals of 

compounds 1, 2, and 3 were in good agreement with those of Kim et al. (2004), Sakar et 
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al. (1993), and Zhao et al. (2007), respectively. PGG was more pronounced in antiviral 

activity than ribavirin toward HRV-2 and HRV-4, whereas PA and ribavirin did not differ 

in the antiviral activity. In addition, PA did not cause cytotoxicity to both HeLa and 

MRC5 cell lines and PGG was slightly toxic. This original finding indicates that materials 

derived from P. lactiflora root may hold promise for the development of novel and 

effective antiviral products toward rhinovirus. PGG was reported to possess antiviral 

activity to hepatitis B virus (Lee et al., 2006), influenza A virus (Liu et al., 2011), 

vasorelaxant, anti-inflammatory (Kang et al., 2005), and potent antibacterial activity on 

various antibiotic-resistant strains of Helicobacter pylori (Ngan et al., 2012). PA is used 

in traditional oriental medicines in treating various diseases and inflammatory diseases 

including hepatitis (Chen et al., 2012). It was identified to have various pharmacological 

and physiological effects (Hu et al., 2010) such as anti-atherosclerosis effects (Li et al., 

2009), antimutagenic (Fukuhara and Yoshida, 1987) and promotes DNA adduct formation 

and N-acetyltransferase activity in colon tumor cells (Chung, 1999). Gallic acid occurs in 

a large number of plants either in free form or as a part of tannin molecule (Karamac et 

al., 2006). It is known to have anti-inflammatory (Krores et al., 1992), antimutagenic 

(Gichner et al. 1987), anticancer (Inouc et al., 1995) and antioxidant activity (Rasool et 

al., 2010). The antiviral action of the constituents may be an indication of at least one of 

the pharmacological actions of P. lactiflora. 

QSAR of phytochemicals in several viruses has been reported. For example, Kane et 

al. (1988) have observed that some gallates, such as methyl gallate and its derivatives, 

have anti-HSV types 1 and 2 and anticytomegalovirus activity, suggesting that besides the 

alkilic chain, hydroxyl groups might influence the viral adsorption and penetration and 
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could be responsible for the antiviral activity. Savi et al (2005) reported that there was no 

relationship between the anti-herpetic activity of phenolic compounds, especially alkyl 

esters of gallic acid and the length of the lateral carbonic chain. In the present study, 

introduction of functional groups, such as hydroxyl or methoxy, in acetophenone as basic 

structure significantly contribute to the antiviral activities toward rhinovirus. As the data 

suggests, the introduction of methoxy group(s) into acetophenone may be required for 

inhibition of rhinovirus. Existence of of methoxy group(s) in PA, XT, 2',6'-DHMAP 

significantly increased the anti-rhinovirus activity, whereas hydroxyl group did not affect 

the anti-rhinovirus activity. 

The results from the effects of PGG and PA on the infectivity of HRV particles and 

time of compound addition tests suggested that PA and PGG showed no interaction with 

the HRV particles, but these compounds may directly interact with the test human cells in 

the early stage of HRV infections to protect the cells from the virus destruction. 

Furthermore, the quantitative real-time RT-PCR experiments revealed that PGG and PA 

strongly inhibited the RNA replications of the both test virus serotypes in MRC5 system, 

suggesting that these compounds inhibit virus replication by targeting on cellular 

molecules, rather than virus molecules. Targeting virus molecules is a narrow spectrum of 

viruses and a higher risk of creating resistant viruses, whereas drugs which target cellular 

molecules may possess a broader antiviral activity spectrum and less risk of developing 

virus resistance (Kitazato et al., 2007). The present study indicates that materials derived 

from P. lactiflora root may hold promise for the development of novel and effective 

products against multiple rhinovirus serotypes. 



91 

 

The modes of antiviral action of plant secondary substances such as alkaloids, 

flavonoids, phenolics, and terpenoids have been well reviewed by Kitazato et al., 2007. 

For example, alkaloids (β-carbolines, furanoquinolines, camptothecin, atropine, caffeine, 

indolizidines swainsonine, castanospermine, colchicines, vinblastine) target on DNA and 

other polynucleotides and virions proteins; flavonoids (amentoflavone, theaflavin, 

iridoids, phenylpropanoid glycosides, agathisflavone, robustaflavone, rhusflavanone, 

chrysosplenol C, morin, coumarins, baicalin) block RNA synthesis, exhibited HIV-

inhibitory activity; terpenoids (sesquiterpene, moronic acid, ursolic acid, maslinic acid 

and saponin) target on membrane-mediated mechanisms, inhibit viral DNA synthesis; 

phenolic compounds (anthraquinone chrysophanic acid, caffic acid, eugeniin, hypericin, 

tannins, proanthocyanidins, salicylates, naphthoquinones, anthraquinones) inhibit viral 

RNA and DNA replication (Kitazato et al., 2007). To investigate effects of P. lactiflora 

constituents on cellular molecules, expressions of HRV receptors and inflammatory 

mediators induced by HRVs in the presence of the constituents were carried out in this 

study.  

Interference with specific virus–host cell receptor interactions has been one of 

potential interventions in anti-viral chemotherapy (Savolainen et al., 2003). HRVs of 

more than 100 serotypes are classified into two different groups, the major and minor 

groups, based on their binding to ICAM-1 or to members of the LDLR family, 

respectively. ICAM-1 is a critical target-docking molecule on epithelial cells for 90% of 

the HRV serotypes. The major group uses ICAM-1 as a mechanism to gain entry to the 

host cell. Antagonism of the virus-receptor interaction would appear to be an effective 

way to inhibit a broad spectrum of rhinoviruses (Couch, 2006). In this regard, several 
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approaches to inhibiting attachment have been shown to prevent rhinovirus replication in 

cell culture. Colonno and coworkers (1986) were first to demonstrate the effectiveness of 

this approach utilizing a murine monoclonal antibody directed at the major cellular 

receptor. Macrolide antibiotics, such as bafilomycin (Suzuki et al, 2001a) and 

erythromycin (Suzuki et al, 2002) inhibit infection by the major group of rhinoviruses via 

a reduction in ICAM-1 expression. Mucolytic drugs, such as carbocistein (Yasuda et al., 

2006) and N-acetylcystein (Blesa et al., 2003) also inhibit the expression of ICAM-1 in 

lung and human tracheal epithelial cell cultures and rat lung. Two forms of ICAM-1 exist, 

mICAM-1 and sICAM-1, both expressed by bronchial epithelial cells (Whiteman and 

Spiteri, 2008). mICAM-1 expression is equally induced by both major and minor group 

rhinoviruses (Papi and Johnston, 1999; Whiteman and Spiteri, 2008). The rhionovirus-

induced ICAM-1 up-regulation was not receptor-restricted (Whiteman and Spiteri, 2008). 

Moreover, it was reported that pretreatment of HRV-2 with sICAM did not alter the 

ability of HRV-2 to induce ICAM-1 (Papi and Johnston, 1999). The current experiments 

demonstrated that both of HRV-2 and HRV-4 induced the both forms of ICAM-1 

expressed in MRC5. The presences of PGG and PA in the infected cell cultures have 

brought about the decline of expressions of ICAM-1 mRNA and sICAM-1 protein. 

Paeonol was reported to suppress ICAM-1 expression in TNF-α-stimulated human 

umbilical vein endothelial cells (Nizamutdinova et al., 2007) 

HRV-2 is internalized by members of the low-density lipoprotein receptor (LDLR) 

family including LDLR proper (LDLR), very-LDLR (VLDLR), and LDLR-related 

protein (LRP) (Suzuki et al., 2001b; Rankl et al., 2008). The present study indicated that 
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PGG and PA inhibited the expression of LDLR mRNA in MRC5 cultures. However 

LDLR protein expression was inhibited in PGG treatments only. 

Rhinovirus infection induces the production of several inflammatory mediators, such 

as kinins, leukotrienes, histamine, interleukins-1, -6, and -8, tumour necrosis factor, and 

RANTES (Regulated on Activation, Normal T cell Expressed and Secreted) in the nasal 

secretions (Heikkinen et al., 2003, Noah et al, 1995; Zhu et al., 1996; Turner et al., 1998, 

Newcomb et al., 2007, Bochkov et al., 2009). The concentrations of interleukin 6 and 

interleukin 8 in nasal secretions correlate with the severity of the symptoms in patients 

with colds (Noah et al 1995; Zhu et al 1996; Turner et al., 1998). Cytokines such as TNF-

α, IL-1, IL-8, IL-6, lipid mediators and peptides induce up-regulation expression of the 

adhesion molecules such as ICAM-1 (Panés et al., 1999; Yasuda et al., 2006). Rhinovirus 

infections have been reported to be responsible for triggering exacerbations of asthma 

through inducing gene expression of these cytokines in asthmatic subjects (Bochkov et al., 

2010). Furthermore, the inflammatory mediators presumably contribute to the symptoms 

of sneezing, coughing and runny nose (Todar, 2009). There are many treatments and 

over-the counter drugs and remedies available to relieve the symptoms of a cold (Todar, 

2009). These undoubtedly represent a huge profitable market for the pharmaceutical 

industry (Todar, 2009). Several herbal remedies consisting of a multitude of secondary 

metabolites from different chemical classes may attribute in a beneficial way for the 

treatment of common cold by reducing symptom severity and duration due to their 

immune-modulating, anti-oxidative, and anti-inflammatory properties (Rollinger and 

Schmidtke, 2010). Extracts from several plants such as Echinacea (Sharma et al., 2009), 

hochu-ekki-to (Yamaya et al., 2007), and Adansonia digitata (Selvarani and Hudson) and 
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natural compounds such as quercetin (Ganesan et al., 2012) and lycopene (Saedisomeolia 

et al., 2009) were described to inhibit HRV replication strongly correlated with reduction 

in the level of inflammatory production such as IL-6, IL-8 release into cell supernatants 

(Rollinger and Schmidtke, 2010). The present study indicated that PGG and PA inhibited 

HRV replication and were also effective in inhibiting the viral inductions of cytokines, 

such as IL-6, Il-8, TNF-α, IFN- and IL-1. This suggested that these constituents may 

not only block virus replication but also diminish symptoms induced by rhinovirus 

(Rollinger and Schmidtke, 2010). 

The surface-expressed TLR3s were reported to have an important function in 

response to a common human viral infection of natural host cells, and they play an 

important role in innate immune responses against HRV infection (Hewson et al., 2005; 

Jang et al., 2009). In the present study, TLR3 RNA expression was found to slightly 

increased in HRV-infected MRC5 cultures and was inhibited in the cultures with PA or 

PGG treatment. 

In conclusion, P. lactiflora root-derived preparations containing the constituents, 

particularly paeonol and 1,2,3,4,6-penta-O-galloyl--D-glucopyranose that inhibit HRVs 

targeting on virus replication, reduce exprssions of HRV receptors and HRV-induced 

inflammatory cytokines, could be useful as potential antiviral products or lead molecules 

for the prevention or eradication of human diseases caused by rhinovirus. The antiviral 

activity of the constituents against rhinovirus may be an indication of at least one of the 

pharmacological actions of P. lactiflora. For practical use of the root-derived materials as 

novel antiviral products to proceed, further studies are needed to establish their human 
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safety and whether this activity is exerted in vivo after consumption of P. lactiflora root 

extract and its constituents by humans.



 

 

Chapter 2 

Growth-inhibiting, bactericidal, and urease inhibitory 

effects of Paeonia lactiflora root constituents  

on antibiotic susceptible  

and -resistant strains of Helicobacter pylori



96 

 

Abstract  

The growth-inhibiting, bactercidial, and urease inhibitory activities of paeonol (PA), 

methyl gallate (MG), 1,2,3,4,6-penta-O-galloyl--D-glucopyranose (PGG), and benzoic 

acid (BA) identified in Paeonia lactiflora root, structurally related compounds, root 

steam distillate constituents, and four antibiotics toward three reference strains and four 

clinical isolates of H. pylori were assessed. BA and PA showed strong bactericidal effect 

at pH 4, while MG and PGG were effective at pH 7. These constituents exhibited strong 

growth-inhibiting and bactericidal activity toward the five strains resistant to amoxicillin, 

clarithromycin, metronidazole, or tetracycline, indicating that these constituents and the 

antibiotics do not share a common mode of action or elicit cross-resistance. QSAR of 

paeonol and 10 structurally related compounds indicates types of functional groups, 

carbon skeleton, and hydrophobicity appear to play a role in determining the anti-H. 

pylori activity. H. pylori urease inhibitory activity of PGG was comparable to that of 

acetohydroxamic acid, while MG was less potent at inhibiting urease than thiourea. The 

UreB band disappeared at 250 mg/L PGG on Western blot, while the UreA bands were 

fainted visible at 1,000 mg/L PGG. These constituents showed no significant cytotoxicity 

to three human cell lines, HeLa, MRC5, and A549. High potent anti-H. pylori activity 

was also produced by steam distillate and its constituents. Thymol, α-terpinolene, (1R)-

(‒)-myrtenol, (1S,2S,5S)-(‒)-myrtanol, (‒)-perilla alcohol, (‒)-borneol, (1R)-(‒)-myrtenal 

and paeonol showed high activity (MIC, 40–160 mg/L). The other constituents of the SD 

showed moderate or weak activity. The steam distillate exhibited strong growth-inhibiting 

and bactericidal activity against the five resistant strains indicating that these strains were 
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lack of mechanisms of resistance to the steam distillate. In addition, the steam distillate 

inhibited H. pylori colonization in mouse stomach. 

Keywords: Helicobacter pylori, Paeonia lactiflora, natural bactericide, structure–activity 

relationship, antibiotic resistance, urease 
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2.1. Introduction 

In humans, Helicobacter pylori is highly associated with a number of the most 

important diseases of the upper gastrointestinal tract, including chronic superficial 

gastritis, duodenal and gastric ulcers, gastric adenocarcinoma, and non-Hodgkin’s 

lymphomas of the stomach (Taylor and Parsonnet, 1995; Dunn et al., 1997). Infections 

are prevalent worldwide and common in both developed and developing countries. In 

developing countries, 70–90% of the population carries H. pylori, while the prevalence of 

infection in developed countries is lower, ranging from 25 to 50% (Taylor and Parsonnet, 

1995; Frenck and Clemens, 2003). Most infections by H. pylori are acquired in childhood 

and persist lifelong if not eradicated effectively. H. pylori eradication has been achieved 

principally by the use of conventional antibacterial drugs, including potent triple therapies 

consisting of a mixture of two antibiotics such as amoxicillin, clarithromycin and/or 

metronidazole with bismuth or a proton pump inhibitor. Triple therapy has a success rate 

of 80–90% (Peitz et al., 1998) but sometimes serious side effects occur, such as taste 

disturbances, nausea, diarrhea, dyspepsia, headache and angioedema (Dunn et al., 1997), 

as well as disturbance of human gastrointestinal microflora (Adamsson et al., 1999). The 

cost of combination therapy is also significant. In addition, widespread use of 

antimicrobial agents has often resulted in the development of resistance (Dunn et al., 

1997; Frenck and Clemens, 2003; Mégraud, 2004a, b). There is, therefore, a critical need 

for the development of new improved antibacterial agents with novel target sites to 

establish a rational resistance management strategy based on all available information on 

the extent and nature of resistance in H. pylori because a commercial vaccine is still not 
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available. 

Natural compounds extracted from plants, particularly higher plants, have been 

suggested as alternative sources for anti-H. pylori products. This approach is appealing, in 

part, because they constitute a potential source of bioactive chemicals that have been 

perceived by the general public as relatively safe and often act at multiple and novel 

target sites, thereby reducing the potential for resistance (Raskin et al., 2002). Much 

effort has been focused on plant preparations and their constituents as potential sources of 

commercial antibacterial products for prevention or eradication of H. pylori. Paeonia 

lactiflora root is composed of the monoterpene glycosides (albiflorin, 

benzoylpaeoniflorin, oxypaeoniflorin and paeoniflorin), the monoterpenes (lactoflorin, 

paeoniflorigenone and paeonilactones), benzoic acid and its esters, and gallotannins (He 

et al., 2010). No information has been obtained concerning the potential of P. lactiflora 

root-derived materials to control antibiotic-resistant H. pylori, although pharmacological 

actions of the genus Paeonia have been well described by He et al. (2010). 

In the present study, an assessment is made of the growth inhibitory and bactericidal 

activities of the constituents that comprise P. lactiflora root methanol extract and steam 

distillate toward three reference strains and four clinical isolates of H. pylori using a broth 

dilution bioassay. The activities of the root constituents were compared with those of 

epigallocatechin gallate and four currently available antibiotics amoxicillin, 

clarithromycin, metronidazole, and tetracycline. H. pylori urease inhibitory activities of 

the constituents were compared with those of two potent H. pylori urease inhibitors 

acetohydroxamic acid (Goldie et al., 1991) and thiourea (Nagata et al., 1993). The effect 

of the constituents on morphological alteration of the bacterial strain was also examined 
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because conversion of the spiral to the coccoid form in H. pylori is caused by 

environmental factors or antibiotic treatment (Cole et al., 1997). Quantitative structure–

activity relationship (QSAR) of paeonol and 10 structurally related compounds is 

discussed. 
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2.2. Materials and methods 

2.2.1. Chemicals 

Seventeen pure compounds used in this study were as follows: (E)-anethole, (−)-

borneol,   1,8-cineole, cuminaldehyde, ()-lavandulol, limonene oxide, linalool, 

(1S,2S,5S)-(−)-myrtanol, (1R)-(−)-myrtenal, (1R)-(−)-myrtenol, (1R)-(+)-nopinone, 

paeonol, (−)-perilla alcohol,        (S)-(−)-perillaldehyde, α-terpinolene and thymol 

purchased from Sigma-Aldrich (St. Louis, MO, USA); and methyl salicylate purchased 

from (Tokyo, Japan). (−)-Epigallocatechin gallate (EGCG), thiourea (TU), and four 

antibiotics (amoxicillin, clarithromycin, tronidazole, and tetracycline) were purchased 

from Sigma-Aldrich. Acetohydroxamic acid (AHA) was supplied by Tokyo Chemical 

Industry. Resazurin was supplied by Sigma-Aldrich. 

2.2.2. Bacterial strains and culture conditions 

Three reference strains (ATCC 700392, ATCC 700824, and ATCC 43504) and four 

clinical isolates (PED503G, PED 3582GA, 221, and B) of H. pylori were used in this 

study. The reference strains were purchased from American Type Culture Collection 

(ATCC) (Manassas, VA). The clinical isolates were obtained in 2011 from the Culture 

Collection of Antimicrobial Resistant Microbes (Seoul, Republic of Korea) from 

individual patients with gastric or duodenal ulcers. All strains were stored at –80°C in 

Brucella broth supplemented with 5% NBS which contained vancomycin (10 mg/L), 

polymyxin B (5 mg/L), trimethoprim (5 mg/L), amphotericin B (2 mg/L), and 20% 

glycerol (Solnick et al., 2001) until use. The bacterial strains were grown on Brucella 

agar supplemented with 5% NBS at 37°C for 3 days in an atmosphere of 5% O2, 15% 
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CO2, and 80% N2 in a Hirayama anaerobic chamber (Tokyo). For bioassay, bacterial 

suspensions containing 5 × 106 cfu/mL were prepared in brucella broth using a 72-h 

subculture of H. pylori on brucella agar. 

2.2.3. Steam distillation 

The air-dried root (342.3 g) of P. lactiflora, purchased from Boeun medicinal herb 

shop (Seoul, Republic of Korea) in 2009, was pulverized using a blender and subjected to 

steam distillation at 100°C for 2 h using a Clevenger-type apparatus. The volatile oil was 

dried over anhydrous sodium sulfate and stored in a sealed vial at 4°C until use. The yield 

of the oil was 0.01% on dry weight basis of the root. 

2.2.4. Gas chromatography 

An Agilent 6890N gas chromatograph (Santa Clara, CA, USA), equipped with a split 

injector and a flame ionization detection system, was used to separate and detect the 

constituents of P. lactiflora root steam distillate (SD). Analytes were separated with a 30 

m × 0.25 mm i.d. (df = 0.25 µm) J&W Scientific HP-5 MS capillary column (Folsom, CA, 

USA). The oven temperature was programmed from 50°C (5 min isothermal) to 280°C at 

5°C/min (held for 10 min at final temperature). The linear velocity of the helium carrier 

gas was 34 cm/s at a split ratio of 1:10. Steam distillate constituents were identified by 

coelution of authenticated samples following coinjection. 

2.2.5. Gas chromatography-mass spectrometry 

Gas chromatography-mass spectrometry (GC-MS) analysis was performed using an 

Agilent 6890N gas chromatograph-Agilent 5973N MSD mass spectrometer. The capillary 
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column and temperature conditions for the GC-MS analysis were the same as described 

above for GC analysis. The helium carrier gas column head pressure was 15.7 psi (108.4 

kPa). The ion source temperature was 230°C. The interface was kept at 280°C, and mass 

spectra were obtained at 70 eV. The sector mass analyzer was set to scan from 25 to 800 

amu every 0.35 s. Chemical constituents were identified by comparison of the mass 

spectra of each peak with those of authentic samples from a mass spectrum library 

(Anonymous, 2000). The retention indices were compared to those of the literature 

reference data (Robert, 1995). 

2.2.6. Extraction and isolation 

Extraction procedures of air-dried root of P. lactiflora were performed as stated in 

Chapter I. For isolation of active principles, paper-disk diffusion bioassay (Cho et al., 

2003) and dilution broth assays were used. In brief, 5 or 10 mg of each P. lactiflora root-

derived material was dissolved in 50 µL methanol and applied to paper disks (1 mm 

thickness, 8 mm diameter, ADVANTEC, Toyo Roshi, Japan). After drying in a fume 

hood, the disks were placed on the Brucella agar surface inoculated with H. pylori. All 

plates were incubated at 37°C for 3 days under the microaerophilic conditions in 

anaerobic jars. Diameters of inhibition zones were recorded. Control disks received 50 µL 

of methanol. All tests of inhibition were replicated at least three times. 

The hexane-soluble fraction (7 g) was chromatographed as stated in Chapter I and an 

active principle 1 was obtained. 

The ethylacetate-soluble fraction (8 g) was chromatographed on a silica gel column 

and eluted with a gradient of chloroform and methanol as stated previously to provide 
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eight fractions. Active fractions 1–2 (E1, 550 mg) and 7 (E7, 569 mg) were obtained (Fig. 

2.1). The E1 fraction was purified by preparative TLC with chloroform and methanol (7:3 

by volume) to afford an active principle 2 (245 mg). The active fraction E7 was purified 

as stated in Chapter I and an active principle 3 was obtained. 

 

Fig. 2.1 . Isolation procedures of anti-H. pylori principles 2 and 3 from the ethylacetate-

soluble fraction. 
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The active chloroform-soluble fraction (11 g) was chromatographed on a 55 × 5 cm 

silica gel (0.063–0.2 mm) column (550 g) and eluted with a gradient of chloroform and 

methanol [100:0 (1 L), 99:1 (1 L), 95:5 (1 L), 90:10 (2 L), 80:20 (1 L), 70:30 (1 L), and 

0:100 (1 L) by volume] to provide eight fractions (each about 1 L) (Fig. 2.2). Fractions 3 

to 4 (5.63 g) were rechromatographed on a silica gel column eluted with a gradient of 

hexane and acetone [100:0 (1 L), 90:10 (1 L), 80:20 (1 L), 70:30 (1 L), and 0:100 (1 L) 

by volume] to give 11 fractions (each about 450 mL). A preparative HPLC was used for 

separation of the constituents from the active fractions 3 to 7 (1.76 g). The column and 

elution conditions were the same as described above. Chromatographic separations were 

monitored using a UV detector at 216 nm. Finally, an active principle 5 (109 mg) was 

isolated at a retention time of 4.03 min (Fig. 2.3). 

 

Fig. 2.2. Isolation procedures of anti-H. pylori principle 4 from the chloroform-soluble 

fraction. 
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Fig. 2.3. HPLC chromatogram of compound 4. 

2.2.7. Microbiological assay 

A broth dilution assay in sterile 96-well plates and 15 mL tubes was used to evaluate 

the minimal inhibitory concentrations (MICs) (NCCLS, 1990) and minimal bactericidal 

concentrations (MBCs) (Nakao and Malfertheine, 1998) of the test materials toward all H. 

pylori strains, respectively. For MICs, initial test materials were prepared in 

dimethylsulfoxide (DMSO), and twofold serial dilutions were then performed in 75 µL of 

10% NBS-supplemented Brucella broth. The final concentration of DMSO in all assays 

was 2.5% or less. Subsequently, 75 µL bacterial suspension (5 × 106 CFU/mL) of each 

strain from cultures on Brucella agar was added. The plates were incubated at 37°C under 

microaerophilic conditions and shaken at 50 rpm for 48 h. MICs were defined as the 

lowest concentrations that visibly inhibited bacterial growth using resazurin as an 

indicator. MIC end-points were interpreted as the lowest sample concentration at which 
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blue color remained (indicating no growth) or the first dilution at which the color changed 

from blue to slightly purple (equivalent to prominent growth inhibition). 

For MBCs and time killing assay, the bacterial suspensions (200 µL, 1 × 107 

CFU/mL) were inoculated onto 1.8 mL of 10% NBS-supplemented Brucella broth alone 

or containing each compound concentrations (0, 1, 2, 4, or 8 times the MIC) and 

incubated with shaking (150 rpm) at 37°C for 48 h. Samples for viability measurement 

were taken after 0, 6, 12, 18, 24, 36, and 48 h, and 0.1 mL of 10-fold serial dilutions was 

plated onto Brucella agar without the test samples. Colonies were counted after 3 days of 

incubation by a plate colony count technique. Amoxcillin, clarithromycin, metronidazole, 

and tetracycline served as positive controls and were similarly prepared. Negative 

controls consisted of the DMSO solution. All bioassays were repeated three times in 

triplicate. 

2.2.8. Measurement of bactericidal activity at various pH values 

The method of Ohno et al. (2003) was used with a slight modification to assess the 

effects of pH on the bactericidal activity of the test compounds. The buffer solutions used 

were 100 mM citrate buffer (pHs 4.0 and 5.0) and 10 mM sodium phosphate buffer (pHs 

6.0 and 7.0). The bacterial suspension of H. pylori ATCC 43504 (200 µL, 1 × 107 

CFU/mL) was added to 1.8 mL of each buffer containing each compound concentrations 

(0, 1, 2, 4, or 8 times the MIC). The cultures were incubated with shaking (150 rpm) at 

37°C. Samples (0.1 mL) were taken at 0, 15, 30, and 60 min, and plated onto Brucella 

agar without the test samples. Colonies were counted after 3 days of incubation as stated 

previously. All bioassays were repeated twice in triplicates. 
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2.2.9. Microscopic observation 

H. pylori ATCC43504 was cultured in Brucella broth without or with the test 

materials (150 and 300 mg/L) in microaerophilic conditions for 24 and 48 h. Bacterial 

suspension (15 L) was evenly spreaded and fixed on slides, and then stained with 0.3% 

methylene blue. Proportion of coccoid versus spiral bacteria was determined using a Carl 

Zeiss microscope equipped with Zeiss AxioCam HRC camera (Jena, Germany). Counts 

of 200 bacteria from each slide were done as reported previously (Cole et al., 1999). 

2.2.10. Scanning and transmission electron microscopic analysis 

The cell pellets from H. pylori cultures after 48 h with and without treatments of 310 

mg/ L of P. lactiflora root steam distillate were harvested by centrifugation at 800 × g for 

5 min according to a modified method of Watt (1997). In brief, the specimens was fixed 

in modified Karnovsky’s fixative [(2% glutaraldehyde (v/v) and 2% paraformaldehyde 

(v/v) in 0.05 M sodium cacodylate buffer pH 7.2)] (Kim and Park, 2007) and post-fixed 

in 1% osmium tetroxide in 0.05 M sodium cacodylate buffer (pH 7.2). For scanning 

electron microscopy, the samples were dehydrated through a series of increasing 

concentrations of ethanol, and then treated with hexamethyldisilazane for 15 min, 

repeated twice, and dried at room temperature overnight. Specimen was photographed 

using a Zeiss Supra-55 VP Field emission scanning electron microscope (Jena, Germany). 

For transmission electron microscopy, after post fixation by the osmium tetroxide 

solution, the samples were dehydrated in ethanol/propylene oxide series and embedded in 

an Epon-Araldite mixture (EMS, Hatfield, PA, USA). Ultra-thin sections (approximately 

80-100 nm thickness) were cut with a RMC MT-X ultramicrotome (Tucson, AZ,USA), 
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stained with 2% uranyl acetate for 7 min at room temperature and with Sato’s lead 

(Hanaichi et al., 1986) for 7 min. The sections were mounted on copper grids, and the 

micrographs were obtained from a Jeol JEM-1010 transmission electron microscope 

(Tokyo, Japan). 

2.2.11. Cytotoxicity assay 

The cytotoxicity of the test materials to three human cell lines HeLa cells (ATCC 

CCL2), A549 cells (ATCC CCL-185), and MRC5 cells (ATCC CCL-171) was evaluated 

using a MTT assay described previously (Morgan, 1998). 

2.2.12. Inhibition of urease in vitro 

Urease crude of H. pylori ATCC 43504 was prepared according to the method of 

Icatlo et al. (1998). The assay mixtures, containing 0.25 µg urease crude (0.04 urease 

units) in 100 µL of the EDTA-sodium phosphate buffer (pH 7.3) and the constituent (10–

2000 mg/L), were preincubated at 37°C for 2 h with rotation at 50 rpm. Inhibition of 

urease activity was determined using the indophenol method (Weatherburn, 1967). The 

ammonia released by the urease was quantified by measuring absorbance on a Molecular 

Devices Versa Max microplate reader (Sunnyvale, CA, USA) at 625 nm with ammonium 

chloride as a standard. AHA and TU served as standard references and were similarly 

prepared. The protein content was determined using a Bradford protein assay kit. BSA 

was used as a protein standard. All bioassays were repeated three times in triplicates. 
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2.2.13. SDS-PAGE and Western blot analysis 

The mixtures of 50 g urease crude (0.08 urease units) in 100 L EDTA-sodium 

phosphate buffer of H. pylori ATCC 43504 and the test compound (100–1,500 mg/L) 

were preincubated for 1 h at 37°C. The mixtures were mixed with an equal volume of 5 × 

Laemmli sample buffer, boiled in 10 min and resolved by electrophoresis in 12% sodium 

dodecyl sulfate-polyacrylamide gels (SDS-PAGE) (Laemmli, 1970). After electrophoresis 

at 120 V in 2 h, the gels were stained with 0.1% Coomassie brilliant blue R-250 for 

quantification. For Western blotting, proteins from unstained gels were transferred onto a 

Pall Corporation polyvinyl difluoride membrane (Pensacola, FL, USA) using a Bio-Rad 

electroblotting apparatus (Hercules, CA, USA). The membranes were incubated in 

blocking solution containing 5% non-fat dry milk for 4 h to inhibit nonspecific binding. 

The membranes were then incubated overnight at 4°C with 1: 2,000 dilution of Abcam 

duck polyclonal to H. pylori urease (Cambridge, UK). After washing with PBS three 

times (10 min each), the membranes were further incubated for 2 h with Abcam rabbit 

polyclonal secondary antibody to Abcam chicken IgY-H&L diluted 1:4,000, and washed 

with PBS containing 0.5% Tween-20 (v/v) four times (15 min each). Finally, the 

membranes were developed with an Amersham Bioscience ECL chemiluminescence 

reagent (Buckinghamshire, UK) and exposed to an AGFA CP-PU X-ray film (Mortsel, 

Belgium). Western blot results were analyzed using a Bio-Rad Molecular Imager Gel Doc 

XR system (Hercules, CA, USA). 
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2.2.14. Native PAGE and zymogram analysis 

For native PAGE analysis, samples were mixed with 5 × sample buffer without SDS 

and loaded onto 6% SDS-free PAGE gels (Laemmli, 1970). Urease activity in gel was 

detected by nitroprusside-thiol reaction as described previously (Sharma et al., 2008). 

Briefly, at the end of electrophoresis, the native gel was washed with double-distilled 

water for 10 min and then three times with 0.01 and 0.005 M acetate buffer (pH 6.0) for 

15 min each with gentle shaking. The washed gel was then immersed in 5 M urea 

solution and incubated at 37°C for 5 min without shaking. The gel was then transferred to 

a 1.5% sodium nitroprusside solution and kept for 5 min. A volume (200 L) of freshly 

prepared 1 M -mercaptoethanol was added immediately and mixed to obtain a final 

concentration of 10 mM -mercaptoethanol for the staining solution. The gel was gently 

shaken and a dark red color developed, which became intense within 5 min. 

2.2.15. In vivo study 

Selective agar plates were used to isolated H. pylori from stomaches of infected mice. 

Brain heart infusion (BHI) agar and brucella agar containing 7% newborn bovine serum 

and antibiotic supplements composed of either bacitracin (200 mg/L) and naladixic acid 

(10 mg/L) or bacitracin (200 mg/L), naladixic acid (10 mg/L), vancomycin (10 mg/L), 

polymyxin B (5 mg/L), trimethoprim (5 mg/L), and amphotericin B (2 mg/L) were used. 

Male BALB/c mice (6 weeks old, about 30 g) are obtained from the Central 

Laboratory Animal Inc. Seoul National University. They were maintained in the 

laboratory for 1 week to allow them to adapt to the new environment. Mice are fed with 

commercial rodent diet and provided with sterile water. All protocols involving animal 
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experimentation were performed following instructions of the Seoul National University 

Institutional Animal Care and Use Committee (SNUIACUC). 

These mice were orally inoculated by stomach feeding needle on three consecutive 

days with freshly prepared H. pylori ATCC43504, 3 × 108 CFU in 0.5 mL of BHI broth. 

Two weeks later, the mice were divided into four groups (5 mice/each group). The first 

and the second group received 0.5 mL of 0.2% or 0.3 % P. lactiflora root steam distillate 

dissolved in distilled water containing 0.4% DMSO (v/v) and the third group received 

only 0.5 mL distilled water with 0.4% DMSO by stomach feeding needle for 10 days, and 

the fourth group received only water as control. The experiments were performed three 

times. After 10 days of treatments, the treated mice were reared in same conditions for 2 

weeks. They were then sacrificed under anesthesia with CO2. The entire stomach was 

resected and homogenized in 1 mL PBS. A 100 µL aliquot from each stomach 

homogenate was spread onto selective agar plates as stated previously. After 5 days of 

incubation at 37°C in microaerophilic conditions, a sloppy urea overlay medium (Ferrero 

et al., 1998) composed of a modified Christensen’s urea solution and 0.6% agar was 

applied to the plates. After 5 to 10 min of incubation at room temperature, H. pylori 

colonies with urease-positive halos (pink color) were enumerated (Fig. 2.4). 
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Fig. 2.4. Enumeration of H. pylori colonies from mouse gastric biopsies by a 

combined culture and urease activity technique. Homogenates of mouse gastric samples 

were serially diluted in saline and then used to inoculate serum plates. After incubation, a 

sloppy urea overlay was applied to the plates, permitting the detection of urease-positive 

H. pylori colonies, which appear as fuchsia-colored zones on a yellow background 

(Ferrero et al., 1998). 

2.2.16. Data analysis 

Percent urease inhibition was determined as reported previously (Lin et al., 2005). 

Concentrations of the test compounds causing 50% loss of the urease activity (IC50) were 

calculated using GraphPad Prism 5 software program. The IC50 values of their treatments 

were considered to be significantly different from one another when 95% confidence 

limits failed to overlap. Percentages of conversion to the coccoid form were transformed 

to arcsine square root values for analysis of variance. The Bonferroni multiple-comparison 

method (GraphPad Prism 5) was used to test for significant differences among the treatments. 

MIC values of <0.1, 0.1–0.62, 0.62–1.25, 1.25–2.5 and >2.5 mg/mL were classified as 

extremely high, high, moderate, low and no growth inhibition, respectively. Resistance to 
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amoxicillin, clarithromycin, metronidazole, and tetracycline was defined by MIC ≥1 mg/L, 

MIC ≥1 mg/L, MIC ≥8 mg/L and MIC ≥4 mg/L, respectively, as described previously 

(Mégraud and Lehours, 2007). Cytotoxicity was exposed as 50% cytotoxicity 

concentration (CC50) of the compound that reduced the viability of cells to 50% of the 

control, and was calculated using GraphPad Prism 5 software program. The CC50 values 

of their treatments were considered to be significantly different from one another when 95% 

confidence limits failed to overlap. Correlation coefficient analysis of the growth 

inhibitory and bactericidal activities of compounds toward H. pylori ATCC 43504 was 

determined using their MIC and MBC values and physical parameter (MW and partition 

coefficient) values for the test compounds. All assays were repeated three times in 

triplicate. 
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2.3. Results 

2.3.1. Antibiotic resistance 

The antibacterial activity of four commercial antibiotics toward all strains was 

evaluated by a broth dilution assay (Tables 2.1 and 2.2). Based on MIC values (Table 2.1), 

strain PED 503G exhibited high level of resistance to amoxicillin (12.5 µg/mL) compared 

with ATCC 700392 and ATCC 700824 susceptible to all test antibiotics. Strain PED 

3582GA was resistant to clarithromycin (MIC, 64 µg/mL) and tetracycline (MIC, 4 

µg/mL). Strains 221 and ATCC 43504 exhibited high level of resistance to metronidazole 

(MIC, 64 and 24 µg/mL). Strain B was resistant to tetracycline (MIC, 15 µg/mL) and 

amoxicillin (MIC, 2 µg/mL). Similar results were likewise observed in the the 

bactericidal activity (Table 2.2). 

Table 2.1. In vitro minimal inhibitory concentrations of 4 commercial antibiotics toward 

three reference strains and four clinical isolates of H. pylori using broth dilution bioassay 

Antibiotics 

MICa, µg/mL 

ATCC 

700392 

ATCC 

700824 

ATCC 

43504 

PED 

503G 

PED 

3582GA 

221 B 

Amoxicillin 0.03 0.01 0.03 12.5 0.5  0.06 2 

Clarithromycin 0.07 0.03 0.07 0.6 64 0.5 0.06 

Tetracycline 0.3 0.1 0.3 0.06 4 2 15 

Metronidazole 1 1 24 2 1 64 1 

a Minimal inhibitory concentrations. 
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Table 2.2. In vitro minimal bactericidal concentrations of 4 commercial antibiotics toward 

three reference strains and four clinical isolates of H. pylori 

Antibiotics 

MBCa µg/mL 

ATCC 

700392 

ATCC 

700824 

ATCC 

43504 

PED 

503G 

PED 

3582GA 

221 B 

Amoxicillin 0.07 0.03 0.07 15 1 0.12 4 

Clarithromycin 0.1 0.07 0.3 1 128 1 0.06 

Tetracycline 0.7 0.1 1 0.12 8 4 20 

Metronidazole 2 6 180 4 2 128 2 

a Minimal bactericidal concentrations. 
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2.3.2. Paeonia lactiflora root steam distillate 

2.3.2.1. Chemical composition of P. lactiflora root steam distillate 

P. lactiflora root SD was composed of four major and 21 minor constituents (Fig. 2.5) 

as judged by mass spectral data and coelution of authenticated samples following 

coinjection (Table 2.3). The four major constituents were paeonol, myrtenol, myrtenal 

and (Z)-myrtanol and comprised 20.34, 11.29, 10.03 and 8.80% of the steam distillate, 

respectively. 

 

 

Fig. 2.5. GC-MS of P. lactiflora root steam distillate. Compound name of each peak No. 

shown in Table 2.3 

  



118 

 

Table 2.3. Chemical constituents of P. lactiflora root steam distillate 

Peak no Compound 
Retention index Identification Area % in

GC-FID 
Ia Ib Co-injection MS 

1 α-Terpinolene 1004 1084 + +   2.33 

3 Linalool 1112 1112 + +   0.77 

4 Eucalyptol 1116 1039  +   0.97 

5 (1R)-(+)-Nopinone 1154 1137 + +   4.08 

6 Borneol 1189 1165 + +   2.92 

7 α-Cyclogeraniol 1192   +   6.72 

8 (Z)-Limonene oxide 1196 1144 + +   1.70 

9 Myrtenal 1206 1195 + + 10.03 

10 Methyl salicylate 1212 1206 + +   4.95 

11 Myrtenol 1215 1214 + + 11.29 

13 (-)-Lavandulol 1230 1166 + +   2.10 

14 4,7-Dimethylbenzofuran 1232   +   3.99 

16 Cuminic aldehyde 1259  + +   1.44 

17 (Z)-Myrtanol 1274 1258  +   4.69 

18 (E)-Myrtanol 1284 1252 + +   8.80 

19 Perillaldehyde 1292  + +   2.65 

20 Phellandral 1303   +   1.67 

21 Thymol 1311 1290 + +   1.19 

22 (E)-Anethole 1332 1289 + +   1.67 

24 Perilla alcohol 1374 1310 + +   1.65 

25 Paeonol 1470  + + 20.34 

Total      96.0 
a I Retention indices from GC-FID relative to C8-C20 n-alkane; b I from references. 
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2.3.2.2. Growth-inhibiting activities of P. lactiflora root steam distillate constituents 

The anti-Helicobacter activities of the P. lactiflora root SD and its 17 constituents 

against two antibiotic-susceptible H. pylori strains (ATCC 700392 and ATCC 700824) 

and a H. pylori strain ATCC 43504 resistance to metronidazole (Table 2.4). As judged by 

MIC values, α-terpinolene was the most growth inhibitory constituent (40 mg/L), 

followed by thymol, (1R)-(‒)-myrtenol, (‒)-perilla alcohol, (‒)-borneol, (1S,2S,5S)-(‒)-

myrtanol, and (1R)-(‒)-myrtenal (80 mg/L) toward two antibiotic-susceptible H. pylori 

strains. MIC values of linalool, (‒)-perillaldehyde, paeonol, cuminaldehyde, ()-

lavandulol, and (1R)-(‒)-myrtenal was beteen 160 and 310 mg/L. The other five 

constituents exhibited low growth inhibition (MIC, 620‒2500 mg/L). Overall, all of the 

materials were less potent in inhibiting microbial growth than those of either amoxicillin, 

clarithromycin, tetracycline, or metronidazole (Table 2.1). Interestingly, all the 

compounds were of nearly similar growth-inhibiting activity toward both antibiotic-

susceptible and -resistant strains, indicating a lack of resistance in the resistant strains. 

2.3.2.3. Bactericidal activities of P. lactiflora root steam distillate constituents 

The MBCs of all compounds toward the test bacteria examined are recorded in Table 

2.4. Based on MBC values, α-terpinolene was the most toxic constituent toward H. pylori 

ATCC 700392 and ATCC 700824 but was less toxic than either amoxicillin, 

clarithromycin, metronidazole, or tetracycline (Table 2.2). Thymol and (‒)-perilla alcohol 

also exhibited strong bactericidal activity. The other nine and five constituents exhibited 

moderate (MIC, 310‒620 mg/L) and low growth inhibition (MIC, 1250‒2500 mg/L). All 
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the compounds were of nearly similar toxicity to both antibiotic-susceptible and -resistant 

strains, indicating a lack of resistance in the resistant strains.  
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Table 2.4. In vitro minimal inhibitory concentrations (MICs) and minimal bactericidal 

concentrations (MBCs) of P. lactiflora root steam distillate (SD) constituents against 

three H. pylori ATCC strains  

a Minimal inhibitory concentration; b Minimal bactericidal concentration. 

Material 

MICa (MBCb), mg/L 

    Resistant strain   Susceptible strain 

    ATCC 43504      ATCC 700392   ATCC 700824 

P. lactiflora SD 160 (310) 160 (310) 160 (310)

α-Terpinolene 40 (40) 40 (40) 40 (40)

Thymol 40 (80) 80 (80) 80 (80)

(‒)-Perilla alcohol 80 (310) 80 (160) 80 (160)

(‒)-Borneol 80 (160) 80 (310) 80 (310)

(1S,2S,5S)-(‒)-Myrtanol 80 (160) 80 (310) 80 (310)

(1R)-(‒)-Myrtenol 80 (160) 80 (310) 80 (310)

Linalool 160 (310) 160 (310) 160 (310)

(‒)-Perillaldehyde 160 (310) 160 (310) 160 (310)

Paeonol 160 (620) 160 (620) 160 (620)

Cuminaldehyde 310 (310) 310 (620) 310 (620)

()-Lavandulol 160 (310) 310 (620) 310 (620)

(1R)-(‒)-Myrtenal 160 (310) 310 (620) 310 (620)

Limonene oxide 620 (620) 620 (1250) 620 (1250)

(E)-Anethole 620 (1250) 1250 (2500) 1250 (2500)

1,8-Cineole 1250 (1250) 1250 (2500) 1250 (2500)

(1R)-(+)-Nopinone 1250 (1250) 1250 (2500) 1250 (2500)

Methyl salicylate 1250 (2500) 2500 (2500) 2500 (2500)
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Time course of bactericidal activity of the SD at MIC and twice the MIC 

concentration toward H. pylori ATCC43504 was likewise investigated (Fig. 2.6). The 

results revealed that viable count of the organism was reduced in a dose-dependant 

manner. Treatment of H. pylori with the SD at MIC concentration reduced the viability of 

H. pylori by ≈2.37 log10 over 48 h, whereas at twice the MIC, the SD resulted in ≈3.35 

log10 reduction after only 6 h (a). Treatment with tetracylline at the MIC or twice the MIC 

resulted in ≈0.29 and ≈1.62 log10 reductions in 48 and 6 h, respectively (b). 

(a) (b) 

 

Fig. 2.6. Time-course bactericidal activity of P. lactiflora root steam distillate (a) and 

antibiotic tetracycline (b) against H. pylori ATCC 43504. 
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2.3.2.4. Effect on morphology of H. pylori 

The microscopic observation suggested that most of the H. pylori ATCC43504 forms 

after 48 h treatment with 310 mg/L P. lactiflora root SD were are abnormal with coccoids 

and had no flagella (Fig. 2.7). The surface of some coccoids was irregular and has 

hollows, and most of the bacteria were clumped together. 

Non treatment Treatment with 310 mg/L SD 

Fig. 2.7. Ultrastructure of H. pylori ATCC43504 without (A and B) and with (C and D) 

treatment of P. lactiflora root steam distillate (310 mg/L) using scanning and transmission 

electron microscopes. Arrows indicate hollows on the surface of coccoid forms. 
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2.3.2.5. Effects of P. lactiflora root steam distillate on H. pylori colonization in mouse 

stomach 

The H. pylori-infected mice of 10-day oral treatment with 0.3% of the P. lactiflora 

SD showed no H. pylori infection in stomachs, while H. pylori colonies were isolated 

from the stomachs of infected mice without the SD treatment (3~4 log10 CFU/mL 

stomach homogenate/each mouse) and only 1~2 log10 CFU/mL stomach homogenate in 

three mice out of the group of 15 mice treated with 0.2% of the P. lactiflora SD (Table 

2.5). 

Table 2.5. The number of H. pylori colonies was isolated from the stomachs of infected 

mice after P. lactiflora root steam distillate treatment 

Treatment CFU/mL of stomach homogenate (mean  SE)b 

Water 23,791  5,044 *** 

DMSO 20,568  3,544 *** 

0.2% the SDa 475  51 ns 

0.3% the SD 0 ns

a Data from 3 mice out of the group of 15 mice treated with 0.2% of the P. lactiflora SD; 

there were no H. pylori colonies isolated from the other 12 mice of this group. “***” 

indicates P < 0.001, “ns” indicates non significance P > 0.05, Bonferroni multiple 

comparison test   
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2.3.3. Paeonia lactiflora root extract 

2.3.3.1. Bioassay-guided fractionation and identification 

Fractions obtained from the solvent hydrolysable of the methanol extract of P. 

lactiflora root were bioassayed toward two H. pylori strains by paper-disk diffusion assay 

(Table 2.6) and dillution broth assay (Table 2.7). The hexane-soluble fraction showed the 

most growth inhibitory activity on both assays, followed by chloroform- and ethyl actate-

soluble fractions. These fractions were used to identify peak activity fractions for the next 

step in the purification. The butanol- and water-soluble fractions were ineffective. 

Table 2.6. Inhibition zone of solvent partition fractions from the methanol extract of P. 

albiflora root on H. pylori ATCC 43504, ATCC700392, and ATCC 700824, using paper-

disc diffusion assay  

Material 

Inhibitory zone (mean  SD), mm on H. pylory strains at doses (mg/disc)  

ATCC 43504 ATCC 700392 ATCC 700824 

10 5 10 5 10 5 

MeOH extract 13.2  0.6 11.3  0.7 15.4  0.5 12.6  0.6 14.8  0.6 11.8  0.4 

Hexan-SFa 27.1  1.5 20.8  0.5 29.9  0.9 23.9  0.7 31.3  0.7 26.7  0.5 

Chloroform-SF 26.4  1.2 18.0  0.9 28.9  0.8 22.6  0.8 29.0  0.6 25.7  0.9 

Ethyl acetate-SF 15.1  0.6 12.3  0.5 20.7  2.2 19.9  0.8 18.9  1.2 14.1  0.6 

Butanol-SF 0 0 0 0 0 0 

Water-SF 0 0 0 0 0 0 

a Soluble fraction. 
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Table 2.7. Minimal inhibitory concentrations (MICs) and minimal bactericidal 

concentrations (MBCs) of solvent partition fractions from the methanol extract of P. 

albiflora root toward H. pylori ATCC 43504, ATCC 700392, and ATCC 700824 strains, 

using dilution broth assay 

Material 
MIC (MBC), mg/L 

ATCC 43504 ATCC 700392 ATCC 700824 

MeOH extract 1250 (2500) 620 (2500) 1250 (2500) 

Hexan-SF 620 (1250) 310 (620) 310 (620) 

Chloroform-SF 620 (1250) 310 (620) 310 (620) 

Ethyl acetate-SF 620 (1250) 310 (1250) 620 (1250) 

Butanol-SF >2500 (>2500) >2500 (>2500) >2500 (>2500) 

Water-SF >2500 (>2500) >2500 (>2500) >2500 (>2500) 

a Soluble fraction. 
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 Antimicrobial assay-guided fractionation of P. lactiflora root extract afforded four 

anti-H. pylori principles identified by spectroscopic analyses, including MS and NMR. 

The four antibacterial principles were paeonol (PA) (1), methyl gallate (MG) (2), 

1,2,3,4,6-penta-O-galloyl--D-glucopyranose (PGG) (3), and benzoic acid (BA) (4) (Fig. 

2.8). 

  
 

 

(1)        (2) (3) (4) 

 

Fig. 2.8. Structures of paeonol (PA) (1), methyl gallate (MG) (2), 1,2,3,4,6- penta-O-

galloyl--D-glucopyranose (PGG) (3), and benzoic acid (BA) (4). 

PA (1): compound 1 was isolated as an anti-H. pylori principle in Chapter I. 

MG (2) was identified on the basis of the following evidence: UV (MeOH): max nm: 

260. FT-IR: vmax 3404–3054 cm–1 (OH stretch), 1609 cm–1 (aromatic C=C), 1301–1000 

cm–1 (C–O) (Fig. 2.12). EI-MS (70eV), m/z (% rel. int.): 184.1 [M]+ (65.8), 153 (100), 

125 (16.7), 124 (2.8), 107 (3.8), 79 (6.1), 78 (2.5) (Fig. 2.9). 1H and 13C NMR data are 

given in Figures 2.10 and 2.11, and Table 2.8. The spectral data of this compound was 

largely identical to the published data (Ahn et al., 1998). 
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Fig. 2.9. EI-MS of compound 2 

 

 

Fig. 2.10. 1H-NMR spectrum of compound 2 
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Fig. 2.11. 13C-NMR spectrum of compound 2 

 

Table 2.8. 1H-NMR (600 MHz) and 13C-NMR (150 MHz) spectral data of compound 2 

Position Partial 
structure 

δC 
(ppm) 

δH (ppm) δC (ppm) (CD3OD, 500 
MHz) (Ahn et al, 1998) 

δH (ppm) (CD3OD, 500 
MHz) (Ahn et al, 1998) 

1 C 121.6  120.7  

2 CH 110.2 7.03 s 109.4 7.18 s 

3 C 146.7  144.8  

4 C 139.9  138.0  

5 C 146.7  144.8  

6 CH 110.2 7.03 s 109.4 7.18 s 

7 C 169.2  168.1  

8 CH3 52.4 3.8 s 52.0 3.86 s 
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Fig. 2.12. FT-IR spectra of compound 2 

PGG (3): compound 3 was isolated as an anti-H. pylori principle in Chapter I. 

BA (4) was identified on the basis of the following evidence: white crystals; UV 

(MeOH): max nm (): 216; FT-IR: Vmax 3070–2670 cm–1 (O-H stretch), 1679 cm–1 

(conjugated C=O), 1601 (arom C=C) (Fig. 2.16); EI-MS (70eV), m/z (% rel intensity): 

122.2 [M]+ (88.6), 105 (100, base peak), 77 (57.4), 74 (5.4), 51 (20.9), 50 (11.5) (Fig. 

2.13). 1H NMR and 13C NMR (DMSO-d6) data are given in Figures 2.14 and 2.15, and 

Table 2.9. The spectral data of this compound was largely identical to the published data 

(Paul et al., 2012) 

 

7
5

0
.7

7
7

1
.5

8
0

5
.9

8
6

2
.9

8
7

8
.7

9
1

6
.7

1
0

0
0

.0
1

0
3

3
.2

1
0

9
7

.2
1

1
8

8
.3

1
2

5
4

.5
1

3
0

1
.9

1
3

7
4

.3
1

4
3

5
.6

1
4

6
1

.5
1

5
3

8
.9

1
6

0
9

.4
1

6
6

9
.3

1
7

5
6

.2

2
5

6
7

.8

2
7

1
4

.1

2
9

5
5

.5
2

9
7

6
.0

3
0

5
4

.4

3
2

8
4

.8

3
4

0
4

.2

*E11

 30

 35

 40

 45

 50

 55

 60

 65

 70

 75

 80

 85

 90

 95

 100

%
T

 500    1000   1500   2000   2500   3000   3500   4000  

Wavenumbers (cm-1)



131 

 

 

Fig. 2.13. EI-MS of compound 4 

 

 

Fig. 2.14. 1H-NMR spectrum of compound 4 
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Fig. 2.15. 13C-NMR spectrum of compound 4 

Table 2.9. 1H-NMR and 13C-NMR (150 MHz) spectral data of compound 4 

Position Partial 
structure 

δC 
(ppm) 

δH (ppm) δC (ppm) 
(DMSO-

d6) (Paul et 
al., 2012) 

δH (ppm) (CD3OD, 500 
MHz) (Paul et al., 2012) 

1 C 132.1    

2 CH 130.86 7.94 dt (J = 8.2, 1.2 Hz) 130.2 8.13 d 

3 CH 129.60 7.47 dt (J = 8.2, 1.2 Hz) 128.4 7.45 m 

4 CH 134.18 7.60 (1H, dt, J=8.2; 1.2 Hz) 133.8 7.64 m 

5 CH 129.60 7.47 dt (J = 8.2, 1.2 Hz) 128.4 7.45 m 

6 CH 130.86 7.94 dt (J = 8.2, 1.2 Hz) 130.2 8.13 m 

7 C 169.5  172.5  
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Fig. 2.16. FT-IR spectra of compound 4 

2.3.3.2. Growth inhibitory activity of test compounds 

The growth inhibitory activities of the four constituents and EGCG toward two 

antibiotic-susceptible strains (ATCC 700392 and ATCC 700824) and five antibiotic-

resistant strains (ATCC 43504, PED 503G, PED 3582GA, 221, and B) of H. pylori were 

likewise compared (Table 2.10). Based on MIC values, PGG, MG, PA, and EGCG did not 

differ in growth inhibitory activity from each other toward H. pylori ATCC 700392 and 

ATCC 700824. The inhibitory activity of BA was the least of any of the constituents. 

Overall, all the constituents were less potent at inhibiting microbial growth than either 

amoxicillin, clarithromycin, metronidazole, or tetracycline (Table 2.1). Interestingly, all 
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the compounds were of nearly similar growth-inhibiting activity toward both antibiotic-

susceptible and -resistant strains, indicating a lack of resistance in the resistant strains. 

Table 2.10. In vitro minimal inhibitory concentrations (MICs) of P. lactiflora root 

constituents and epigallocatechin gallate (EGCG) toward three reference strains and four 

clinical isolates of H. pylori using broth dilution bioassay 

Compounda 

MIC, mg/L 

ATCC 

700392 

ATCC 

700824

ATCC 

43504 

PED 

503G

PED 

3582GA

221 B 

PGG 160 160 80 160 160 160 160 

MG 160 160 160 320 160 160 160 

PA 160 160 160 320 160 160 160 

BA 320 320 320 320 320 320 320 

EGCG 160 160 80 160 160 160 160 

a Abbreviations are same as in the text. 

2.3.3.3. Bactericidal activity of test compounds 

The MBCs of the five compounds toward all strains examined are recorded in Table 

2.11. MG was the most toxic compound toward H. pylori ATCC 700392 and ATCC 

700824 but was less toxic than either amoxicillin, clarithromycin, metronidazole, or 

tetracycline (Table 2.2). PGG, PA and EGCG were of equal toxicity. BA was the least of 

any of the constituents. All the compounds were of nearly similar toxicity to both 

antibiotic-susceptible and -resistant strains, indicating a lack of resistance in the resistant 

strains. 
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Table 2.11. In vitro minimal bactericidal concentrations (MBCs) of P. lactiflora root 

constituents and epigallocatechin gallate (EGCG) toward three reference strains and four 

clinical isolates of H. pylori using broth dilution bioassay 

Compounda 

MBC, mg/L 

ATCC 

700392 

ATCC 

700824 

ATCC 

43504 

PED 

503G 

PED 

3582GA 

221 B 

PGG 640 640 640 640 640 640 640 

MG 320 320 320 640 640 640 640 

PA 640 640 640 640 640 640 320 

BA 1280 1280 1280 1280 620 1280 1280 

EGCG 640 640 640 640 640 640 640 

a Abbreviations are same as in the text.
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Time course of bactericidal activity of PGG, MG, PA, and BA at different 

concentrations toward H. pylori ATCC43504 was likewise investigated (Fig. 2.17). The 

results revealed that viable count of the organism was reduced in a dose-dependant 

manner. Treatment of H. pylori with PGG at four times the MIC reduced the viability of 

H. pylori by ≈5 log10 over 48 h, while treatment with PGG at the MIC resulted in ≈1.5 

log10 reduction (Fig. 2.17A). Treatment with MG at the MIC or two times the MIC 

resulted in ≈4 and ≈3 log10 reductions in 48 and 12 h, respectively (Fig. 2.17B). 

Treatment with PA at the MIC or four times the MIC effected reductions of ≈2 and ≈3 

log10 in 48 and 12 h, respectively (Fig. 2.17C). Treatment with BA at the MIC or four 

times the MIC effected reductions of ≈1 and ≈5 log10 in 48 and 12 h, respectively (Fig. 

2.17D). 

2.3.3.4. Effect of test compounds on the viability of H. pylori at varying pH values 

The bactericidal activity of PGG, MG, PA, and BA toward H. pylori ATCC43504 at 

various pH values was investigated (Fig. 2.18). The activity of the constituents varied 

according to concentration and pH examined. PA was more effective at pHs 4 and 5 than 

at pHs 6 and 7, while BA exhibited the strongest activity at pH 4. PGG (640 mg/L) and 

MG (320 mg/L) were most effective at pH 7. 
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Fig. 2.17. Time-course bactericidal activity of P. lactiflora root constituents at different 

concentrations (0, 1, 2, 4, or 8 times the MIC) toward H. pylori ATCC43504. (A) PGG, 

MIC 80 mg/L; (B) MG, MIC 160 mg/L; (C) PA, MIC 160 mg/L; (D) BA, MIC 320 mg/L. 

Abbreviations are same as in the text. The mean values ( SD) for the log number of 

CFU/mL were plotted. 
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(Fig. 2.18. continued) 
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Fig. 2.18. The bactericidal activity of P. lactiflora root constituents at concentrations (0, 1, 

2, 4, or 8 times the MIC) toward H. pylori ATCC43504 at various pH values. (A) PGG, 

MIC 80 mg/L; (B) MG, MIC 160 mg/l; (C) PA, MIC 160 mg/L; (D) BA, MIC 320 mg/L. 

Abbreviations are same as in the text. The mean values ( SD) for the log number of 

CFU/mL were plotted. 
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2.3.3.5. Structure–activity relationship 

Comparisons were made to determine growth inhibitory and bactericidal activity 

differences involving the skeletal structure and functional groups of PA and 10 

structurally related compounds (Fig. 2.19) using the MIC and MBC data obtained (Table 

2.12). Based on MIC values, 2’,6’-DHMAP and SA showed the most growth-inhibiting 

activity. The inhibitory activity of PA, 2’,4’-DHAP, XT, p-HPP, and 2-EP was the same 

and these compounds were more potent at inhibiting microbial growth than either 4’-HAP 

or AP. The inhibitory activity of 2,4-DHCA and 2-HBA were the least of any of the 

compounds. Similar results were likewise observed in the bactericidal activity. 

Correlation coefficient analysis showed that octanol/water partition coefficient (log P) 

is correlated negatively with MIC (r = –0.627) and MBC (r = –0.685). MW has no 

correlation with MIC (r = –0.096) and MBC (r = –0.283). 
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Aryl ketone  p-HPP 2-EP 2-HBA SA 2,4-DHCA 

Acetophenone  R1, R2, R3 = H 

4’-Hydroxyacetophenone  R1, R3 = H; R2 = OH 

2’,4’-Dihydroxyacetophenone  R1, R2 = OH; R3 = H 

Paeonol (1)  R1 = OH; R2 = OCH3; R3 = H 

2’,6’-Dihydroxy-4’-methoxyacetophenone  R1, R3 = OH; R2 = OCH3 

Xanthoxylin  R1 = OH; R2, R3 = OCH3 

p-HPP, p-Hydroxypropiophenone;   2-EP, 2-ethylphenol;  

2-HBA, 2-hydroxybenzyl alcohol;   SA, salicylaldehyde;  

2,4-DHCA, 2,4-dihydroxycinnamic acid. 

Fig. 2.19. Structures of paeonol and 10 structurally related compounds 
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Table 2.12. Quantitative structure–activity relationship of paeonol and 10 structurally 

related compounds in H. pylori ATCC 43504 based on minimal inhibitory concentrations 

(MIC) and bactericidal concentrations (MBC) values 

Compounda MWb Log Pc MIC (mg/L) MBC (mg/L)

2',6'-DHMAP 182.17 2.59  0.38    9         20 

SA 122.12 1.61  0.26    9         20 

PA 166.17 2.16  0.27  160        640 

2',4'-DHAP 152.15 1.74  0.27  160        640 

XT 196.20 2.37  0.37  160        640 

p-HPP 150.17 1.96  0.24  160        640 

2-EP 122.16 2.47  0.19  160        640 

4'-HAP 136.15 1.42  0.24  320        750 

AP 120.15 1.66  0.22  640       1500 

2,4-DHCA 180.16 1.91  0.51 1280       1280 

2-HBA 124.14 0.30  0.22 1280       2000 

a Abbreviations are same as in the text. 

b Molecular weight. 

c Octanol/water partition coefficient. 
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2.3.3.6. Cytotoxicity 

In order to determine the selectivity of the anti-H. pylori, the cytotoxic effects of the 

test materials were examined (Table 2.13). PGG, PA, MG, and BA showed no significant 

cytotoxicity toward HeLa, MRC5, and A549 cell lines. 

Table 2.13. Cytotoxic effect of test compounds on three cell lines 

 

Compounda 

CC50 , μM (95% CLb) 

HeLa MRC5 A 549 

PGG 108.8 (98.1–120.8) 108.5 (101.8–115.7) 167.7 ( 166.7 –168.7) 

PA >3000 >3000 >3000 

MG 357.6 (338.8–69.4) 244.8 (218.0–274.9) 658.2 (645.1 –671.6) 

BA >5000 >5000 >5000 

a Abbreviations are same as in the text. 

b CL denotes confidence limit. 

2.3.3.7. Effect on morphology of H. pylori 

The proportion of coccoid versus spiral form of H. pylori ATCC 43504 was 

determined at 150 and 300 mg/L of the constituents for 24 and 48 h (Fig. 2.20). Effect of 

concentration (F = 104.80; df = 8, 45; P < 0.0001) and exposure time (F = 233.59; df = 1, 

45; P < 0.0001) on conversion of H. pylori to the coccoid form was significant. The 

concentration by exposure interaction was also significant (F = 6.59; df = 8, 45; P < 

0.0001). MG caused considerable conversion to the coccoid form (91 versus 50% at 300 

and 150 mg/L), while BA caused the lowest conversion (52 versus 39% at 300 and 150 

mg/L). PA (79 versus 43% at 300 and 150 mg/L) caused as much conversion to the 
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coccoid form as PGG (74 versus 43% at 300 and 150 mg/L) 
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Fig. 2.20. Effect of test compounds at concentrations of 150 and 300 mg/L on H. pylori 

ATCC 43504 morphology 24 (■) and 48 h (□) post-treatment. Abbreviations are same as 

in the text. 
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2.3.3.8. Urease inhibitory activity 

The in vitro urease inhibitory activities of the four constituents were compared with 

those of AHA and TU toward H. pylori ATCC 43504 (Table 2.14). Based on IC50 values, 

PGG was slightly less potent at inhibiting urease than AHA but was significantly higher 

than TU. MG was significantly less potent at inhibiting urease than TU, while BA and PA 

showed poor and no inhibitory activity, respectively. 

Table 2.14. Effect of test compounds and two commercially available urease inhibitors on 

H. pylori ATCC 43504 urease inhibition 

Compounda Slope  SE IC50 , mM (95% CLb) 

PGG 1.6  0.08 0.072 (0.067–0.076) 

MG 1.3  0.07 1.330 (1.236–1.430) 

BA 1.3  0.06 17.95 (16.93–19.04) 

PA — NIc 

AHA 1.5  0.06 0.049 (0.047–0.052) 

TU 1.9  0.10 0.568 (0.540–0.597) 

a Abbreviations are same as in the text. 

b CL denotes confidence limit. 

c No inhibition. 
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2.3.3.9. Effect on urease production 

SDS-PAGE analysis revealed reduction of multiple protein bands of H. pylori ATCC 

43504 in presence of PGG and MG, although responses varied according to treatment 

concentration. In this experiment, the UreA and UreB bands, as shown in Fig. 2.21A (lane 

1), were confirmed by Western blot with antibodies toward H. pylori urease (Fig. 2.21B) 

as reported previously (Hifumi et al., 2005). The UreB band completely disappeared at 

250 mg/L PGG, while the UreA dimer and monomer bands were fainted visible at 1,000 

mg/L PGG (Fig. 2.21B). The UreB and UreA (dimer and monomer) bands were fainted 

visible at 1,000 mg/L MG (Fig. 2.21B). 
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Fig. 2.21. SDS-PAGE (A) and Western blot profile (B) of H. pylori ATCC 43504 urease 

treated with PGG and MG. Abbreviations are same as in the text. Lanes: (1) ATCC 43504 

urease; (2) 250 mg/L PGG; (3) 500 mg/L PGG; (4) 1,000 mg/L PGG; (5) 1,500 mg/L 

PGG; (6) 250 mg/L MG; (7) 500 mg/L MG; (8) 1,000 mg/L MG; (9) 1,500 mg/L MG. 
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Native PAGE profile and zymogram of H. pylori ATCC 43504 urease treated with 

the test compounds are given in Fig. 2.22. The urease band was disappeared at 250 mg/L 

PGG but was not disappeared even at 1,000 mg/L of AHA, TU, or MG on the native gel 

(Fig. 2.22A). Moreover, the intensity of the urease band at 1,000 mg/L PGG was 

obviously decreased on the activity-stained gel compared with that of AHA and TU (Fig. 

2.22B). Treatment with MG did not cause decrease in the intensity of the urease band at 

all concentrations tested (Fig. 2.22B). 

 

Fig. 2.22. Native PAGE profile and zymogram of H. pylori urease treated with test 

compounds. Abbreviations are same as in the text. Lanes: (1) ATCC 43504 protein; (2) 

1,000 mg/L AHA; (3) 1,000 mg/L TU; (4) 250 mg/L PGG; (5) 500 mg/L PGG; (6) 1,000 

mg/L PGG; (7) 250 mg/L MG; (8) 500 mg/L MG; (9) 1,000 mg/L MG. Arrow indicates 

urease band position. 
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2.4. Discussion 

Plants and their constituents are a potential for H. pylori therapy because some are 

selective and biodegrade to nontoxic products (Fabry et al., 1996). Certain plants and 

their constituents manifest antibacterial activity against various microorganisms and have 

been proposed as alternatives to the widely used antibiotics (Hammer et al. 1999; 

Dorman and Deans 2000; Deans 2002; Papandreou et al. 2002; Viuda-Martos et al. 2008; 

Estevinho et al. 2011). They are highly effective toward antibiotic-resistant H. pylori 

strains (Nascimento et al., 2000; Fahey et al., 2002), and are likely to be useful in 

resistance management strategies. The mode of action and the resistance mechanisms of 

antimicrobial agents have been well reviewed by Gerrits et al. (2006) and Francesco et al. 

(2011). In the present study, the most active constituents in the steam distillate (SD) 

against H. pylori were α-terpinolene, and thymol (MIC, 40 mg/L). Compounds with 

methyl – isopropyl cyclohexane rings are strong antibacterial activity and unsaturation in 

the ring as in -terpinolene further increases the activity (Hinou et al., 1989; Deans, 

2002). Alcohols were known to possess bactericidal rather than bacteriostatic activity 

against vegetative cells (Pelczar, 1988; Deans, 2002). All the test alcohol terpenoid 

constituents of the SD such as thymol, (‒)-perilla alcohol, (‒)-borneol, (1S,2S,5S)-(‒)-

mytanol, (1R)-(‒)-myrtenol, linalool, and (‒)-lavandulol did exhibit high activity against 

the three test strains of H. pylori. (1R)-(‒)-myrtenal and (‒)-perillaldehyde was less active 

than their corresponding alcohols, (1R)-(−)-myrtenol and (‒)-perilla alcohol, respectively.  

The antibacterial principles of P. lactiflora root were identified as the aryl ketone PA, 

the simple benzoic acids BA and MG, and the gluco-hexose PGG. PGG, MG, and PA 
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exhibited the pronounced growth-inhibiting and bactericidal activity, although the 

concentration of these constituents was lower than that of the test antibiotics. The SD and 

the four constituents (BA, MG, PA, and PGG) exhibited growth-inhibiting and 

bactericidal activity toward five strains resistant to amoxicillin (strains PED 503G and B), 

clarithromycin (strain PED 3582GA), metronidazole (starins 221 and ATCC 43504), or 

tetracycline (strains PED 3582GA and B). This present finding reveals that the SD and 

the four constituents are virtually equal in antibacterial activity to both antibiotic-

susceptible and -resistant strains of H. pylori, suggesting that the SD and the four 

constituents and the penicillin amoxicillin, the macrolide clarithromycin, the 

nitroimidazole metronidazole or tetracycline do not share a common mode of action. 

PGG was described to possess potent antibacterial activity on various strains of H. pylori 

(Funatogawa et al., 2004). In addition, the four constituents showed no significant 

cytotoxicity toward HeLa, MRC5 and A549 cell lines, suggesting their anti-H. pylori 

activity might not be due to general toxicity. The SD also inhibited the colonization of H. 

pylori in the mouse stomachs. EOs were reported to have therapeutic potential against H. 

pylori because they may show more effective in antibacterial activity at low pH in the 

stomach without the development of acquired resistance (Ohno et al., 2003). This 

suggested that EOs may have potential as new and safe agents in anti-H. pylori regimens 

(Ohno et al., 2003). The original finding indicates that materials derived from P. lactiflora 

root may hold promise for the development of novel and effective antibacterial products 

even toward currently antibiotic-resistant H. pylori.  

Investigations on the modes of action and the antibacterial characteristics of naturally 

occurring antibacterial agents may contribute to the development of selective H. pylori 
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control alternatives with novel target sites and low toxicity (Shetty and Lin, 2006). 

Although the modes of action of phytochmeicals such as alkaloids, phenolics, and 

terpenoids toward H. pylori have not been clearly defined or understood, major 

mechanisms of phenolics proposed include membrane permeability changes, disruption 

of proton motive force and membrane-associated functions, and/or intracellular 

acidification, resulting in disruption of H+, K+-ATPase required for ATP synthesis of 

microbes (Shetty and Lin, 2006). In addition, conversion of the spiral to the coccoid form 

in H. pylori is caused by antibiotic treatment (Cole et al., 1997). The coccoid form has a 

lower level of metabolism and of protein and DNA synthesis than the spiral form (Cole et 

al., 1999). The former is less efficient than the latter in adhering to gastric epithelial cells 

and is considered non-motile, which may be a disadvantage for colonizing the gastric 

mucosa (Andersen et al., 1997; Wang and Wang, 2004). It has been suggested that 

coccoid forms consist of the living bacteria and the dying ones (Kusters et al., 1997; Saito 

et al., 2003). Unlike the former forms, the dying forms are not capable of recovering their 

virulence and causing the occurrence of diseases (Kusters et al., 1997; Saito et al., 2003). 

In the present study, the ultrastructural observation of H. pylori in the culture treated with 

the steam distillate (SD) revealed that most of the coccoid forms were irregular and 

clump together. In addition, bactericidal property of the SD proved that most of the 

coccoids were the morphologic manifestation of bacterial cell death. A proportional 

relationship between the coccoid number induced by the four constituents and their 

bactericidal property was also observed. This proved that most of the coccoid forms 

induced by these constituents were the morphologic manifestation of bacterial cell death. 

In addition, BA and PA showed strong bactericidal effect at pH 4, while MG and PGG 
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were effective at pH 7. Interestingly, at 640 mg/L, PA and BA exhibited more pronounced 

bactericidal activity than PGG at low pH (4 and 5). This finding suggests that PA and BA 

may be a more effective antibacterial agent than MG and PGG in stomach. The exact 

anti-H .pyoli mechanism of the P. lactiflora root constituents remain to be proven, 

although the partially hydrophobic nature of phenolic phytochemicals allows for 

accumulation and attachment in the bacterial cytoplasmic membrane, where inhibitory 

effects may eventually lead to cell death (Lin et al., 2005). 

It is suggested that H. pylori urease functions as both a colonization factor and a 

virulence factor because of the production of ammonia which may contribute to the 

development of gastritis and peptic ulceration (Dunn et al., 1997; Hazell and Lee, 1986; 

Smoot et al., 1990). The native urease is an extracellular cell bound enzyme constituting 

5–10% of the total protein with a molecular mass of ~580 kDa consisting of six 66 kDa 

(UreB) and six 32 kDa (UreA) subunits (Matsubara et al., 2003). The present finding 

clearly indicates that PGG and MG inhibited H. pylori urease activity. The urease 

inhibitory activity of PGG was comparable to that of AHA, while MG was less potent at 

inhibiting urea than TU. Goldie (Goldie et al., 1991) reported that urease inhibitory 

activity of AHA was only temporary: it showed strong inhibition activity after 4 h, but no 

activity after 24 h. It has been suggested that the weak urease inhibitory activity of AHA 

might be explained by prolonged exposure of gels to substrate solution and a consequent 

degradation of AHA (Nilius et al., 1991). Moroever, PGG and MG exhibited antibacterial 

activity toward H. pylori, whereas AHA does not affect the survival of the organism 

(Goldie et al., 1991). In addition, urease bands and urease production were fainted visible 

and disappeared at 250 mg/L PGG on Western blot and native PAGE. The urease 
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inhibitory activity of PGG was higher than that of MG and the band intensity of PGG was 

lower than that of MG. The mechanisms by which PG and MG inhibit urease remain to 

be proven. BA and PA exhibited weak and no urease inhibitory activity, respectively, 

despite their growth inhibitory and bactericidal activity. 

QSAR of phytochemicals in many microorganisms has been well studied. It has been 

reported that chemical structure, hydrolysable group, hydrophobicity, hydrogen-bonding, 

and molecular size parameters of terpenoids are associated with antimicrobial activity 

(Griffin et al., 1999). In the present study, introduction of functional groups, such as 

hydroxyl or methoxy, in AP as basic structure significantly increased the growth 

inhibitory and bactericidal activities. Existence of hydroxyl group (2’,4’-DHAP) or 

methyl group (p-HPP) in p-HAP significantly increased the antibacterial activity. 

Hydroxyl group (2’,6’-DHMAP) in PA significantly increased the antibacterial activity, 

whereas methoxy group did not affect the antibacterial activity. Substitution of hydroxyl 

group in p-HPP to methoxy group (PA) significantly increased the antibacterial activity. 

The aldehyde SA exhibited significantly more antibacterial activity than either the 

ketones (except for 2’,6’-DHMAP), the phenol 2-EP, the acid 2,4-DHCA, or the alcohol 

2-HBA. In addition, log P was correlated negatively with MIC and MBC. This present 

findings indicate that structural characteristics, such as types of functional groups and 

carbon skeleton, and hydrophobicity rather than MW appear to play a role in determining 

the growth inhibitory and bactericidal activity toward H. pylori. 
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Abstract 

The growth-inhibiting activities of Paeonia lactiflora (Paeoniaceae) root steam 

distillate constituents and structurally related compounds against nine harmful intestinal 

bacteria and eight lactic acid-producing bacteria were compared with those of two 

antibiotics, amoxicillin and tetracycline. Thymol, α-terpinolene, (−)-perilla alcohol and 

(1R)-(−)-myrtenol exhibited high to extremely high levels of growth inhibition of all the 

harmful bacteria, whereas thymol and α-terpinolene (except for Lactobacillus 

casei ATCC 393) inhibited the growth of all the beneficial bacteria (MIC, both 0.08–

0.62 mg mL−1). Tetracycline and amoxicillin exhibited extremely high level of growth 

inhibition of all the test bacteria (MIC, <0.00002–0.001 mg mL−1). 1,8-Cineole, geraniol, 

(−)-borneol, (1S,2S,5S)-(−)-myrtanol, nerol, (S)-(−)-β-citronellol and (±)-lavandulol also 

exhibited inhibitory activity but with differing specificity and levels of activity. 

Structure–activity relationship indicates that structural characteristics, such as geometric 

isomerism, degrees of saturation, types of functional groups and types of carbon skeleton, 

appear to play a role in determining the growth-inhibiting activity of monoterpenoids. 

Global efforts to reduce the level of antibiotics justify further studies on naturally 

occurringP. lactiflora root-derived materials as potential preventive agents against various 

diseases caused by harmful intestinal bacteria such as clostridia. 

Keywords 

 Natural growth inhibitor, Paeonia lactiflora, Intestinal bacteria, Terpenoids, Structure–

activity relationship 
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3.1. Introduction 

Various microorganisms are resident in the human gastrointestinal tract as a highly 

complex ecosystem with considerable species diversity (approximately 1,000 bacterial 

species) (Sears, 2005). The normal gastrointestinal microbiota is predominantly composed 

of lactic acid-producing bacteria, whereas the microbiota of cancer patients or elderly 

subjects is mainly composed of Clostridium with only few lactic acid-producing bacteria 

(Hentges, 1983; Mitsuoka, 1992; Moore and Moore, 1995). Major functions of the 

microbiota include metabolic activities that result in salvage of energy and absorbable 

nutrients and important trophic effects on intestinal epithelia and on immune structure 

and function (Guarner and Malagelada, 2003). The microbiota also contributes to the 

genesis of various pathological disorders, including multisystem organ failure, colon 

cancer, and inflammatory bowel diseases (Hoover, 1993; Rood et al., 1997; Guarner and 

Malagelada, 2003; Quigley and Quera, 2006). Alterations in the microbiota brought on by 

poor nutrition or perturbation with antibiotics can cause shifts in populations and 

colonization by nonresidents that leads to gastrointestinal diseases (Sullivan et al., 2001; 

Jernberg et al. 2010). Prolonged treatment with antibiotics alters the normal microbial 

population of the gastrointestinal tract, eliminating some of the beneficial bacteria (Moore 

and Moore 1995) and often producing resistance to the drugs by pathogenic 

microorganisms (Davies 1994; Quigley and Quera 2006), which is a major global public 

health problem in both developed and developing countries (Sears 2005). 

Plant essential oils have been suggested as alternative sources for antimicrobial 

products, largely because they constitute a potential source of bioactive chemicals that 
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have been perceived by the general public as relatively safe and often act at multiple and 

novel target sites, thereby reducing the potential for resistance (Hammer et al. 1999; 

Dorman and Deans 2000; Deans 2002; Papandreou et al. 2002; Leem et al. 2004; Viuda-

Martos et al. 2008; Estevinho et al. 2011). These essential oils are commonly used as 

fragrances and flavoring agents for foods, beverages, and cosmetics (Lawless, 2002). In 

the screening of plant essential oils for antibacterial activity, a steam distillate from the 

root of Paeonia lactiflora Pallas (Paeoniaceae) was shown to have growth-inhibiting 

activity against Clostridium difficile ATCC 9689 and Clostridium perfringens ATCC 

13124. Miyazawa et al. (1984) reported the chemical constituents of P. lactiflora essential 

oil. No information, however, has been done to assess the potential of P. lactiflora root-

derived materials to modulate growth of intestinal bacteria, although historically P. 

lactiflora root (2–4 g of dried root/3 times/day) is used as analgesic, hemostyptic and 

bacteriostatic agents (Jiangsu New Medical School 1977; Tang and Eisenbrand, 1992). 

In the present study, an assessment is made of the growth-inhibiting activity of P. 

lactiflora root steam distillate, its 17 constituents, and eight structurally related 

compounds against nine harmful intestinal bacteria and eight lactic acid-producing 

bacteria using a broth microdilution bioassay. The growth inhibitory activities of these 

materials were compared with those of two currently available antibiotics, amoxicillin 

and tetracycline. Structure–activity relationship of the test compounds is also discussed. 
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3.2. Materials and methods 

3.2.1. Steam distillation 

The procedure for obtaining P. lactiflora root steam distillate and identification of its 

constituents were described in Chapter 2.2 

3.2.2. Chemicals 

Seventeen pure compounds identified in the P. lactiflora root steam distillate and 

compounds used in this study were described in Chapter 2.2. For structure–activity 

relationship, eight other structurally related compounds examined in this study were as 

follows: (R)-(+)-citronellal, (S)-(−)-citronellal, (R)-(+)-β-citronellol, (S)-(−)-β-citronellol, 

geraniol, (S)-(Z)-verbenol and (1S)-(−)-verbenone purchased from Sigma-Aldrich; and 

nerol purchased from Tokyo Chemical Industry. Water solubility parameter values for 

these compounds have been reported by Griffin et al. (1999). 

3.2.3. Bacterial strains and culture conditions 

Nine harmful intestinal bacteria and eight lactic acid-producing bacteria examined in 

this study are listed in Table 3.1. They were purchased from the American Type Culture 

Collection (ATCC). Stock cultures of these bacterial strains were routinely stored on 

brain heart infusion (BHI) broth (Becton, Dickinson and Company, Sparks, MD) 

containing 25% glycerol (v/v) at –70°C, when required were subcultured on BHI broth. 

The cultures were incubated at 37°C for 1 day in an atmosphere of 5% H2, 15% CO2, 

and 80% N2 in a Hirayama anaerobic chamber (Tokyo, Japan), except for the cultures of 

E. coli and S. aureus which were incubated at 37°C for 1 day under aerobic condition. For 
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bioassay, bacterial suspensions containing 1  105 CFU mL–1 were prepared in Mueller 

Hinton II broth (MHB) (Becton, Dickinson and Company) using the 24 h subcultures in 

BHI broth. The cell density was estimated by measuring the turbidity. 

 

Table 3.1. List of intestinal bacteria tested for growth inhibitory activity 

Harmful intestinal bacteria Lactic acid-producing bacteria 

Bacteroides fragilis ATCC 25285 Bifidobacterium adolescentis ATCC 15706 

Bacteroides thetaiotaomicron ATCC 29741 Bifidobacterium bifidum ATCC 29521 

Clostridium difficile ATCC 9689 Bifidobacterium breve ATCC 15700 

Clostridium paraputrificum ATCC 25780 Bifidobacterium infantis ATCC 25962 

Clostridium perfringens ATCC 13124 Bifidobacterium longum ATCC 15707 

Escherichia coli ATCC 11775 Clostridium butyricum ATCC 25779 

Klebsiella pneumoniae ATCC 25306 Lactobacillus acidophilus ATCC 4356 

Typhimurium ATCC 13311 Lactobacillus casei ATCC 393 

Staphylococcus aureus ATCC 12600  
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3.2.4. Growth-inhibiting assay 

A broth microdilution bioassay in sterile 96-well plates (Sarker et al., 2007) was used 

to evaluate the growth-inhibiting activity of the test materials against the organisms. In 

brief, initial test materials were prepared in dimethyl sulfoxide (DMSO), and twofold 

serial dilutions were then performed in 50 µL MHB medium. The final concentration of 

DMSO in all assays was 2.5% or less, and this dilution also served as the solvent control. 

Subsequently, 50 µL bacterial suspension (1  105 CFU mL–1) of each test organism was 

added. Control, blank, and background wells contained bacteria, medium, and test 

material only, respectively. Amoxcillin and tetracycline served as positive controls and 

were similarly prepared. 

The plates were incubated at 37°C under anaerobic conditions (5% H2, 15% CO2, 

and 80% N2) in a Hirayama chamber, except for the plates of S. aureus and E. coli which 

were incubated at 37°C under aerobic conditions. After 24 h incubation, 10 µL of 0.01% 

resazurin indicator solution in sterile distilled water was added to each well. Post-

incubation with resazurin for 2 h at 37°C, the color change was assessed visually. 
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3.3. Results  

The inhibitory activities of the test materials against nine harmful intestinal bacteria 

examined were evaluated using a broth microdilution bioassay (Table 3.2). Based on MIC 

values, P. lactiflora steam distillate was proved to have growth inhibitory activity against 

all nine bacteria, particularly B. fragilis and B. thetaiotaomicron (0.31 mg mL–1) and C. 

paraputrificum and Typhimurium (0.62 mg mL–1). Thymol, α-terpinolene, (−)-perilla 

alcohol, (1R)-(−)-myrtenol, and 1,8-cineole showed the most potent growth inhibitory 

activity against all harmful bacteria (MIC, 0.08–0.62 mg mL–1) except for 1,8-cineole 

against C. difficile and Typhimurium. These compounds were less potent at inhibiting 

microbial growth than either tetracycline or amoxicillin (MIC, 0.0005–0.001 mg mL–1). 

High to extremely high levels of growth inhibition were also produced by geraniol,    

(−)-borneol, (1S,2S,5S)-(−)-myrtanol, nerol, (S)-(−)-β-citronellol, (R)-(+)-β-citronellol, 

()-lavandulol, linalool, (S)-(Z)-verbenol, and (1R)-(−)-myrtenal against B. fragilis, B. 

thetaiotaomicron, and Typhimurium (MIC, 0.08–0.62 mg mL–1), whereas these 

compounds exhibited moderate to no growth-inhibiting activity against the other six 

bacteria (except for geraniol against C. difficile and C. paraputrificum, (−)-borneol 

against E. coli and K. pneumonia and (1S,2S,5S)-(−)-myrtanol and (S)-(−)-β-citronellol 

against C. paraputrificum). Weak to no growth inhibition was obtained from the other 10 

compounds, including the major constituent paeonol, against all test bacteria (except for 

(1S)-(−)-verbenone against Typhimurium).
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Table 3.2. In vitro minimal inhibitory concentrations (MICs) of P. lactiflora root steam distillate (SD) constituents and their structurally related 

compounds against nine harmful human gastrointestinal bacteria 

Material 
MIC, mg mL–1 

BFa BT CD CPF CPP EC KP SA T 

P. lactiflora SD 0.31 0.31 1.25 1.25 0.62 1.25 1.25 1.25 0.62 

Thymolb 0.08 0.08 0.31 0.31 0.31 0.31 0.16 0.16 0.16 

α-Terpinoleneb 0.16 0.16 0.62 0.16 0.16 0.31 0.16 0.62 0.31 

(−)-Perilla alcoholb 0.16 0.16 0.62 0.62 0.62 0.62 0.62 0.62 0.16 

(1R)-(−)-Myrtenolb 0.31 0.16 0.62 0.62 0.31 0.31 0.31 0.62 0.16 

1,8-Cineoleb 0.62 0.62 >2.5 0.62 0.62 0.62 0.62 0.62 1.25 

Geraniol 0.08 0.08 0.62 1.25 0.31 1.25 1.25 1.25 0.08 

(−)-Borneolb 0.16 0.16 1.25 1.25 1.25 0.31 0.31 1.25 0.62 
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(1S,2S,5S)-(−)-myrtanolb 0.16 0.16 1.25 1.25 0.62 1.25 1.25 1.25 0.31 

Nerol 0.31 0.31 1.25 1.25 1.25 2.5 1.25 1.25 0.16 

(S)-(−)-β-Citronellol 0.62 0.16 1.25 1.25 0.31 2.5 2.5 1.25 0.31 

(R)-(+)-β-Citronellol 0.62 0.16 1.25 2.5 2.5 >2.5 >2.5 1.25 0.31 

()-Lavandulolb 0.62 0.31 2.5 1.25 2.5 1.25 1.25 1.25 0.62 

Linaloolb 0.62 0.62 2.5 1.25 2.5 2.5 2.5 1.25 0.62 

(S)-(Z)-Verbenol 0.62 0.62 2.5 2.5 2.5 2.5 2.5 2.5 0.62 

(1R)-(−)-Myrtenalb 0.62 0.62 2.5 >2.5 2.5 2.5 2.5 >2.5 0.62 

Cuminaldehydeb 1.25 1.25 >2.5 1.25 2.5 2.5 1.25 2.5 1.25 

Paeonolb 1.25 1.25 2.5 2.5 1.25 1.25 1.25 2.5 1.25 

(1S)-(−)-Verbenone 1.25 2.5 >2.5 2.5 >2.5 >2.5 >2.5 >2.5 0.62 

(−)-Perillaldehydeb 2.5 1.25 1.25 >2.5 1.25 >2.5 >2.5 >2.5 1.25 
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a BF, Bacteroides fragilis ATCC 25285; BT, Bacteroides thetaiotaomicron ATCC 29741; CD, Clostridium difficile ATCC 9689; CPF, Clostridium 

perfringens ATCC 13124; CPP, Clostridium paraputrificum ATCC 25780; EC, Escherichia coli ATCC 11775; T, Typhimurium ATCC 13311; SA, 

Staphylococcus aureus ATCC 12600; KP, Klebsiella pneumoniae ATCC 25306. b Compounds identified in this study

(E)-Anetholeb 2.5 1.25 >2.5 >2.5 >2.5 >2.5 2.5 >2.5 1.25 

Methyl salicylateb 2.5 2.5 >2.5 2.5 2.5 2.5 2.5 2.5 1.25 

(R)-(+)-Citronellal >2.5 >2.5 >2.5 >2.5 >2.5 >2.5 >2.5 >2.5 >2.5 

(S)-(−)-Citronellal >2.5 >2.5 >2.5 >2.5 >2.5 >2.5 >2.5 >2.5 >2.5 

(1R)-(+)-Nopinoneb >2.5 2.5 >2.5 2.5 >2.5 >2.5 2.5 >2.5 >2.5 

Limonene oxideb >2.5 >2.5 >2.5 >2.5 2.5 >2.5 >2.5 >2.5 2.5 

Tetracycline  0.0003  0.0003 >0.001 0.0005  0.0003 0.0005 0.0005 >0.001 0.0003 

Amoxicillin  0.0003  0.0005 0.0003 >0.001  0.0001 >0.001 >0.001 >0.001 0.0005 
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The growth-inhibiting effects of the test materials on eight lactic acid-producing 

bacteria were likewise compared (Table 3.3). As judged by MIC values, P. lactiflora 

steam distillate showed high inhibitibn against B. breve (0.31 mg mL–1) and moderate 

inhibition against the other seven bacteria (1.25 mg mL–1). Thymol and α-terpinolene 

showed the most potent growth inhibitory activity against all test bacteria (MIC, 0.08–

1.25 mg mL–1). However, these compounds were less potent at inhibiting microbial 

growth than either tetracycline or amoxicillin (MIC, <0.00002–0.001 mg mL–1). Except 

for B. infantis, L. casei, and C. butyricum, geraniol, (S)-(−)-β-citronellol and (1R)-(−)-

myrtenol exhibited high to extremely high levels of growth inhibition against the other 

five bacteria examined (MIC, 0.08–0.62 mg mL–1). High growth-inhibiting activity was 

observed with (−)-perilla alcohol, (−)-borneol, (1S,2S,5S)-(−)-myrtanol, and 1,8-cineole 

against B. adolescentis, B. breve, and B. infantis (MIC, 0.31–0.62 mg mL–1), whereas 

these compounds exhibited moderate inhibitory activity against the other five bacteria 

except for (−)-perilla alcohol against B. bifidum. ()-Lavandulol and nerol were highly 

inhibitory against B. adolescentis and B. breve (MIC, 0.62 mg mL–1). Except for B. breve, 

moderate to no growth inhibition was produced by the other 14 compounds against the 

seven test bacteria except for (R)-(+)-β-citronellol against B. longum. 
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Table 3.3. In vitro minimal inhibitory concentrations (MICs) of P. lactiflora root steam distillate (SD) constituents and their 

structurally related compounds against eight lactic acid-producing bacteria 

 

Material 

MIC, mg mL–1 

BAa BB BBR BI BL LA LC CB 

P. lactiflora SD 1.25 1.25 0.31 1.25 1.25 1.25 1.25 1.25 

Thymolb 0.31 0.31 0.08 0.31 0.31 0.31 0.31 0.31 

α-Terpinoleneb 0.31 0.31 0.31 0.31 0.31 0.31 1.25 0.62 

Geraniol 0.62 0.62 0.08 2.5 0.62 0.62 1.25 1.25 

(S)-(−)-β-Citronellol 0.62 0.62 0.08 2.5 0.31 0.62 0.62 2.5 

(1R)-(−)-Myrtenolb 0.62 0.62 0.31 0.62 0.62 0.62 1.25 1.25 

(−)-Perilla alcoholb 0.62 0.62 0.62 0.62 1.25 1.25 1.25 1.25 

(−)-Borneolb 0.62 1.25 0.31 0.62 1.25 1.25 1.25 1.25 

(1S,2S,5S)-(−)-Myrtanolb 0.62 1.25 0.31 0.62 1.25 1.25 1.25 1.25 

1,8-Cineoleb 0.62 >2.5 0.62 0.62 >2.5 >2.5 2.5 >2.5 
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()-Lavandulolb 0.62 1.25 0.62 2.5 2.5 0.62 2.5 2.5 

Nerol 0.62 2.5 0.62 2.5 1.25 1.25 1.25 1.25 

Linaloolb 1.25 1.25 0.62 2.5 2.5 1.25 2.5 2.5 

(R)-(+)-β-Citronellol >2.5 1.25 0.31 >2.5 0.62 1.25 1.25 2.5 

(1R)-(−)-Myrtenalb >2.5 1.25 0.31 2.5 2.5 2.5 >2.5 2.5 

Cuminaldehydeb 2.5 1.25 0.62 1.25 2.5 1.25 >2.5 2.5 

(S)-(−)-Perillaldehydeb >2.5 1.25 0.62 2.5 1.25 1.25 1.25 1.25 

(S)-(Z)-Verbenol 2.5 2.5 0.62 2.5 2.5 2.5 2.5 2.5 

(1S)-(−)-Verbenone 2.5 >2.5 0.62 2.5 >2.5 >2.5 >2.5 >2.5 

Methyl salicylateb 2.5 >2.5 0.62 2.5 >2.5 2.5 >2.5 >2.5 

Paeonolb 2.5 2.5 1.25 2.5 2.5 2.5 2.5 2.5 

(E)-Anetholeb >2.5 >2.5 1.25 >2.5 >2.5 >2.5 >2.5 2.5 

(R)-(+)-Citronellal >2.5 >2.5 1.25 >2.5 >2.5 >2.5 >2.5 >2.5 

(S)-(−)-Citronellal >2.5 >2.5 1.25 >2.5 >2.5 >2.5 >2.5 >2.5 
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(1R)-(+)-Nopinone >2.5 >2.5 2.5 2.5 >2.5 >2.5 >2.5 >2.5 

Limonene oxideb >2.5 >2.5 2.5 >2.5 >2.5 >2.5 >2.5 >2.5 

Tetracycline 0.0005 <0.00002 0.0001 0.0005 0.00006 0.00006 >0.001 >0.001 

Amoxicillin >0.001 <0.00002 0.0003 >0.001 0.0003 >0.001 0.0003 0.0003 

a BA, Bifidobacterium adolescentis ATCC 15706; BB, Bifidobacterium bifidum ATCC 29521; BBR, Bifidobacterium  breve 

ATCC 15700; BI, Bifidobacterium infantis ATCC 25962; BL, Bifidobacterium longum ATCC 15707; CB, Clostridium butyricum 

ATCC 25779; LA, Lactobacillus acidophilus ATCC 4356; LC, Lactobacillus casei ATCC 393. b Compounds identified in this 

study.
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3.4. Discussion 

In the present study, P. lactiflora root steam distillate was proved to have high growth 

inhibitory activity against B. fragilis, B. thetaiotaomicron, C. paraputrificum, 

Typhimurium, and B. breve and moderate inhibitory activity against the other 12 

organisms. The growth inhibitory principles were identified as the terpenoids 1,8-cineole, 

(Z)-myrtanol, myrtenol, perilla alcohol, α-terpinolene, and thymol. Paeonol, the major 

compound, exhibited moderate to low growth-inhibiting activity against the test bacteria. 

Investigations on the modes of action of natural antibacterial agents provide 

practically important information for the control of bacterial diseases, such as the most 

appropriate formulations and delivery means to be adapted for their future 

commercialization (Carson et al., 2006). In addition, they are highly effective against 

antibiotic-resistant bacteria (Nascimento et al., 2000; Tegos, 2006), and are likely to be 

useful in resistance management strategies. Although the mode of action of terpenoids on 

bacteria is not fully understood, it has been suggested that they are involved in such 

mechanisms as cytoplasmic membrane, coagulation of cell contents, and disruption of the 

proton motive force (Sikkema et al., 1995; Burt, 2004; Carson et al., 2006). For example, 

the anti-Staphylococcus aureus activity of thymol is due to damage in membrane integrity, 

which further affects pH homeostasis and equilibrium of inorganic ions (Lambert et al., 

2001). Monoterpene alcohols citronellol and geraniol appear to cause gross cell wall and 

cytoplasmic membrane damage and provoke lysis of Streptococcus pneumoniae (Horne 

et al., 2001), whereas 1,8-cineole does not induce autolysis of S. aureus, but instead 

causes the leakage of 260-nm-light-absorbing material and renders cells susceptible to 



171 

 

sodium chloride (Carson et al., 2002). The exact mode of action of the other inhibitory 

compounds, including α-terpinolene, (−)-perilla alcohol, and (1R)-(−)-myrtenol, remains 

to be proven. 

Structure–growth inhibition relationship analysis of phytochemicals in intestinal 

microorganisms has been well noted. For example, Ahn et al. (1991) studied the 

structure-activity relationship between six green tea (Thea sinenesis) polyphenols and 

growth inhibition against C. perfringens and C. difficile; the gallate moiety of 

polyphenols seems to be required, whereas their stereochemistry does not appear to be 

critical for the inhibitory activity. It has been also reported that the level of saturation of 

acyclic and bicyclic terpenoid molecules is important in their antibacterial activity 

(Griffin et al. 1999; Deans 2002). Alcohols were reported to be generally more effective 

than aldehydes against various organisms (Griffin et al. 1999; Deans 2002). In the present 

study, the acyclic terpenoids geraniol and nerol (geometric isomers) exhibited some 

differences in their growth inhibitory activities against the six harmful organisms and four 

lactic acid-producing organisms. Geraniol and nerol (primary alcohols) and linalool (a 

tertiary alcohol) also exhibited little difference in growth inhibitory patterns. The former 

was more potent at inhibiting microbial growth than the latter. Citronellal was not 

inhibitory against all test bacteria and had a lower solubility than the less saturated 

geraniol, nerol, and linalool. Furthermore, citronellol exhibited greater inhibitory activity 

than its corresponding aldehyde citronellal. The oxygenated byclic terpenoid myrtenol, 

which is less saturated and more soluble than myrtanol, exhibited slightly higher 

inhibitory activity than myrtanol against C. difficile, C. perfringens, C. paraputrificum, E. 

coli, K. pneumonia, S. aureus, and Typhimurium as well as B. bifidum, B. longum, and L. 
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acidophilus. Myrtanol was more potent at inhibiting microbial growth than its 

corresponding aldehyde myrtenal against all test organisms, except for B. bifidum and B. 

breve. Verbenol was slightly more potent at inhibiting microbial growth than the 

corresponding ketone verbenone against seven harmful bacteria and five lactic acid-

producing bacteria. p-Menthane terpenoids found to be inhibitory against the test bacteria 

were alcohol or phenol. The terpene phenol thymol showed higher inhibition than 

alcohols such as geraniol and nerol against nearly all test bacteria, despite their low 

solubility (Griffin et al. 1999), as reported previously by Knobloch et al. (1989). Perilla 

alcohol showed higher inhibition than its corresponding aldehyde perillaldehyde against 

nine harmful organisms and three bifidobacteria, indicating the importance of subtle 

structural changes (Griffin et al. 1999; Deans 2002). Our findings indicate that structural 

characteristics, such as geometric isomerism, degrees of saturation, carbon skeleton, and 

types of functional group, appear to play a role in determining the growth-inhibiting 

activity of monoterpenoids against the intestinal bacteria. The water solubility of 

terpenoids appears to have no significant effect on growth-inhibiting activity, based on 

water solubility parameter values for the test compounds reported by Griffin et al. (1999). 

In humans, the importance of harmful intestinal microorganisms, particularly 

clostridia, and lactic acid-producing bacteria has been well noted (Goldman 1983; Modler 

et al. 1990; Hoover 1993; Moore and Moore 1995; Rood et al. 1997). In particular, 

bifidobacteria are often taken as useful indicators of human health under most 

environmental conditions, on the basis that they play important roles in metabolism, such 

as amino acid and vitamin production, aid defense against infection, are associated with 

longevity, antitumour activities, pathogen inhibition, improvement of lactose tolerance of 
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milk products, and immunopotentiation (Modler et al. 1990; Mitsuoka 1992; Hoover 

1993). It would therefore be desirable to both inhibit the growth of potential pathogens 

and/or increase the numbers of bifidobacteria in the gut. Selective growth promoters for 

bifidobacteria or inhibitors for harmful bacteria are important for human health, because 

intake of these materials can normalize disturbed physiological functions, which result in 

the prevention of diseases caused by pathogens in the gastrointestinal tract. For example, 

ginseng (Panax ginseng) root extracts have been shown to not only enhance the growth of 

bifidobacteria but also to selectively inhibit various clostridia (Ahn et al. 1990a). Similar 

results were also reported in polyphenols (Ahn et al. 1991), seco-tanapartholide A and B 

(Cho et al. 2003), and cordycepin (Yeon et al. 2007). In vivo investigations using human 

volunteers have shown that intake of ginseng extract favorably affected faecal microbiota 

and biochemical aspects of faeces (Ahn et al. 1990b), suggesting an indication of at least 

one of the pharmacological actions of ginseng. 

In the present study, growth-inhibiting activity varied according to compound and 

bacterial strain examined. Thymol, α-terpinolene, (−)-perilla alcohol, and (1R)-(−)-

myrtenol highly to extremely highly inhibited the growth of all harmful bacteria, whereas 

thymol and α-terpinolene highly to extremely highly inhibited the growth of all lactic-

acid producing bacteria. 1,8-cineole, geraniol, (−)-borneol, (1S,2S,5S)-myrtanol, nerol, 

(S)-(−)-β-citronellol, and ()-lavandulol also exhibited inhibitory activity but with 

differing specificity and levels of activity. However, amoxicillin and tetracycline 

exhibited extremely high levels of growth inhibition of both harmful and lactic acid-

producing bacteria even at very low concentrations. These results suggest that continued 

intake of the P. lactiflora root steam distillate and its constituents should be limited, 
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although harmful bacteria were slightly more sensitive than the lactic acid-producing 

bacteria to the test materials. The varying degrees of susceptibility of a bacterial organism 

to the test compounds could be attributable to structural characteristics rather than water 

solubility of the compounds as described above. It has been reported that the 

antimicrobial activity of terpenoids is determined by a complex mix of factors including 

hydrogen bonding parameters, water solubility, and molecular size (Griffin et al. 1999; 

Deans 2002). It was found no evidence for a difference in essential oil sensitivity between 

gram-negative and gram-positive organisms (Deans and Ritchie, 1987). However, Burt 

(2004) reported that Gram-positive bacteria are more susceptible to essential oils and 

their constituents than Gram-negative bacteria, which could be due to the relatively 

impermeable outer membrane that surrounds Gram-negative bacteria. Detailed tests are 

needed to fully understand the different susceptibilities between the test harmful bacteria 

and lactic acid-producing bacteria. To the best of our knowledge, this is the first report on 

growth inhibition of P. lactiflora root steam distillate and its constituents against harmful 

and lactic acid-producing bacteria. 
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Conclusion 

The bioactive principles from P. lactiflora root against rhinovirus and H. pylori were 

identified as 1,2,3,4,6-penta-O-galloyl--D-glucopyranose (PGG), paeonol (PA), gallic 

acid (GA), methyl gallate (MG), and benzoic acid (BA). 

The modes of antiviral action of plant secondary substances have been well reviewed 

by Kitazato et al., 2007. For example, alkaloids target on DNA and other polynucleotides 

and virions proteins; flavonoids block RNA synthesis, exhibited HIV-inhibitory activity; 

terpenoids target on membrane-mediated mechanisms, inhibit viral DNA synthesis; 

phenolic compounds inhibit viral RNA and DNA replication (Kitazato et al., 2007). 

Extracts from several plants and natural compounds were described to inhibit HRV 

replication strongly correlated with reduction in the level of inflammatory production 

such as IL-6, IL-8 release into cell supernatants. This suggested that these agents may not 

only block virus replication but also diminish symptoms (Rollinger and Schmidtke, 2010). 

In this study, PGG and PA from P. lactiflora showed inhibition to HRV-2 and HRV-4 in 

HeLa and MRC5 cells while GA showed the inhibition in HeLa cells only. PGG and PA 

had inhibitory activity against the two types of HRV serotypes (HRV-2 and HRV-4) in 

MRC5 cultures by inhibition of HRV replication targeting on cellular molecules such as 

reduction in expressions of HRV receptors (ICAM-1 and LDLR), and HRV-mediated 

production of immune mediators that result in symptoms of common cold (Papadopoulos 

et al., 2009; Todar, 2009) such as toll-like receptor 3, and inflammatory cytokines 

(interleukin-6, -8,-1β, and interferon-β). 

The modes of the antibacterial action of plant secondary substances such as alkaloids, 
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phenolics, and terpenoids have been well reviewed by Wink (2006). Major targets 

(activities) include bacterial membrane, proteins (covalent or noncovalent bonding), 

specific interaction (e.g. inhibition of enzymes or ion pumps protein biosynthesis), and 

DNA (e.g. inhibition of DNA topoisomerase I or inhibition of transcription) (Wink 2006). 

Moreover, plant secondary metabolites resemble endogenous metabolites, ligands, 

hormones, signal transduction molecules or neurotransmitters and thus have beneficial 

medicinal effects on humans due to similarities in their potential target sites (Parekh et al., 

2005). The use of plant extracts and phytochemicals can be of great significance in 

therapeutic treatments and could help curb the problem of multi-drug resistant organisms 

(Ncube et al., 2008; Hammer et al., 1999; Dorman and Deans, 2000; Deans, 2002; 

Papandreou et al., 2002; Leem et al., 2004; Viuda-Martos et al., 2008; Estevinho et al., 

2011). P. lactiflora root-derived preparations containing methyl gallate (MG), PA, and 

PGG and P. lactiflora root steam distillate (SD) exhibited growth-inhibiting and 

bactericidal activity toward five strains resistant to amoxicillin (strains PED 503G and B), 

clarithromycin (strain PED 3582GA), metronidazole (starins 221 and ATCC 43504), or 

tetracycline (strains PED 3582GA and B). The SD and the four constituents are virtually 

equal in antibacterial activity to both antibiotic-susceptible and -resistant strains of H. 

pylori indicate that these strains were lack of mechanisms of resistance to the SD and the 

four constituents.  

H. pylori urease was found to be essential for gastric colonization and virulence 

which may contribute to the development of gastritis and peptic ulceration (Dunn et al., 

1997; Hazell and Lee, 1986; Smoot et al., 1990). Specific inhibition of urease activity has 

been proposed as a strategy to inhibit this microorganism (Nagata et al., 1992). The 
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present finding clearly indicates that PGG and MG inhibited H. pylori urease activity. P. 

lactiflora root-derived preparations containing methyl gallate (MG), PA, and PGG and P. 

lactiflora root steam distillate could be useful as sources of antibacterial products for 

prevention or eradication of human diseases caused by H. pylori in the light of their 

activity toward antibiotic-resistant H. pylori strains. 

In the present study, P. lactiflora root steam distillate was proved to have high growth 

inhibitory activity against B. fragilis, B. thetaiotaomicron, C. paraputrificum, 

Typhimurium, and B. breve and moderate inhibitory activity against the other 12 

intestinal bacteria. The growth inhibitory principles were identified as the terpenoids 1,8-

cineole, (Z)-myrtanol, myrtenol, perilla alcohol, α-terpinolene, and thymol. Paeonol, the 

major compound, exhibited moderate to low growth-inhibiting activity against the test 

intestinal bacteria. Investigations on the modes of action of natural antibacterial agents 

provide practically important information for the control of bacterial diseases such as the 

most appropriate formulations and delivery means to be adapted for their future 

commercialization (Carson et al. 2006). Although the mode of action of terpenoids on 

bacteria is not fully understood, it has been suggested that they are involved in such 

mechanisms as cytoplasmic membrane, coagulation of cell contents, and disruption of the 

proton motive force (Sikkema et al. 1995; Burt 2004; Carson et al. 2006). It was found no 

evidence for a difference in essential oil sensitivity between gram-negative and Gram-

positive organisms (Deans and Ritchie, 1987). However, Burt (2004) reported that Gram-

positive bacteria are more susceptible to essential oils and their constituents than Gram-

negative bacteria, which could be due to the relatively impermeable outer membrane that 

surrounds Gram-negative bacteria. Selective growth promoters for bifidobacteria or 
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inhibitors for harmful bacteria are important for human health, because intake of these 

materials can normalize disturbed physiological functions, which result in the prevention 

of diseases caused by pathogens in the gastrointestinal tract. In the present study, growth-

inhibiting activity varied according to compound and intestinal bacterial strain examined. 

Thymol, α-terpinolene, (−)-perilla alcohol, and (1R)-(−)-myrtenol highly to extremely 

highly inhibited the growth of all harmful bacteria, whereas thymol and α-terpinolene 

highly to extremely highly inhibited the growth of all lactic-acid producing bacteria. 1,8-

Cineole, geraniol, (−)-borneol, (1S,2S,5S)-myrtanol, nerol, (S)-(−)-β-citronellol, and ()-

lavandulol also exhibited inhibitory activity but with differing specificity and levels of 

activity. These results suggest that continued intake of the P. lactiflora root steam 

distillate and its constituents should be limited, although harmful bacteria were slightly 

more sensitive than the lactic acid-producing bacteria to the test materials. 

In conclusion, P. lactiflora root-derived preparations containing these constituents 

could be useful as antiviral or antibacterial agents for prevention or eradication of 

diseases caused by rhinovirus or pathogenic bacteria. These antimicrobial activities of the 

constituents may be an indication of at least one of the pharmacological actions of P. 

lactiflora. For practical use of the P. lactiflora root-derived materials as novel antiviral 

and antibacterial products to proceed, further studies are needed to establish their human 

safety, effective formulations for improving the antiviral and antibacterial potency and 

stability in human gastrointestinal tract, and whether this activity is exerted in vivo after 

consumption of P. lactiflora root steam distillate, its constituents and root-derived 

products by humans. Historically, P. lactiflora root (2–4 g of dried root/3 times/day) is 

used as analgesic, hemostyptic, and bacteriostatic agents (Jiangsu New Medical School, 
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1997). In addition, formulations for improving antibacterial potency (e.g. in combination 

with other antimicrobials (Gerrits et al., 2006) and stability need to be developed. 
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적작약 뿌리 성분 및 구조적 유사 화합물의 human 

rhinovirus에 대한 항바이러스 활성 및 장내세균에 대한 

항균활성 

 

협동과정 농업생물공학전공 

농생명공학부, 서울대학교 

루옹느간(Luong Thi My Ngan) 

 

초록 

본 연구는 작약과(Paeoniaceae)에 속하는 적작약(Paeonia lactiflora Pallas) 

뿌리 성분 및 구조적 유사 화합물들의 HRV-2와 HRV-4 두 라이노바이러스 혈

청형과 HeLa ATCC CCL-2(인간 자궁경부암 상피세포주) 및 MRC5 CCL-

171(인간 폐 섬유모 세포주)을 기주 세포로 하여 항바이러스 활성을 조사하였

다. 또한, 항생제 감수성 및 저항성 Helicobacter pylori와 인간 장내세균 17 종

(9종 유해균과 8종 유산균)에 대한 항균활성을 조사하였다. 항바이러스 활성과 

항균활성의 작용기구를 분자생물학적 및 생화학적 수법을 통해 규명하고자 하

였다. 
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적작약 뿌리에서 분리 동정한 1,2,3,4,6-penta-O-galloyl--D-glucopyranose 

(PGG), paeonol (PA), and gallic acid (GA)의 HRV-2와 HRV-4에 대한 항바이러

스 활성을 MTT 검정법으로 조사하였으며, 그 결과를 다양한 종류의 바이러스

에 효과가 있는 ribavirin과 비교하였다. PA와 ribavirin의 두 기주 세포에 대한 

반수사멸농도(CC50) 값은 500 μg/mL 이상 이었으며 PGG CC50 값은 102 μ

g/mL 이었다. GA의 경우 MRC5 세포에 대해 37.0 μg/mL으로 높은 독성을 보

였으나 HeLa 세포에 대해서는 255.2 μg/mL로 낮은 세포독성을 나타내었다. 

50% 저해 농도(IC50) 값을 비교한 결과, PGG는 항바이러스 활성이 가장 높은 

물질로 HeLa 세포에서의 HRV-2와 HRV-4에 대한 IC50 값은 각각 10.9와 13.53     

μg/mL 이었으며 MRC5 세포에 있어서는 각각 16.83과 16.31 μg/mL의 IC50 값

을 나타내었다. 다음으로 활성이 좋은 물질인 GA는 HeLa 세포에서의 HRV-2

와 HRV-4에 대한 IC50 값은 각각 72.6과 76.23 μg/mL 이었으나, MRC5 세포

에 있어서는 두 혈청형 모두에 대해 항바이러스 활성을 보이지 않았다. 두 기

주 세포에서 HRV-2와 HRV-4에 대한 Ribavirin의 IC50 값은 58-79 μg/mL 이

었으며, PA는 82-101 μg/mL의 IC50를 나타내었다. PGG와 PA의 경우 HRV-2

와 HRV-4의 RNA 복제를 억제하며, 또한 이들 바이러스 수용체와 바이러스에 

의해 유도된 염증성 시토카인의 발현을 억제하였다. PA 및 구조적으로 유사한 

10 종 화합물의 구조-활성 상관관계를 분석한 결과 탄소 골격과 작용기 등과 

같은 구조적 특징이 항바이러스 활성에 중요한 역할을 하는데, acetophenone
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에 methoxy기를 도입하면 활성이 증가하였다. 

적작약 뿌리 성분(PA, benzoic acid (BA), methyl gallate (MG) 및 PGG), 이

들과 구조적으로 유사한 화합물 및 뿌리 정유 성분의 Helicobacter pylori 3 종 

대조균주 그리고 위궤양 또는 십이지장 궤양 환자에서 분리한 4 종 균주에 대

한 생육억제 및 살균활성과 요소 분해 효소(urease) 저해활성을 각각 액체배지 

희석법과 웨스턴 블랏으로 조사하였으며 그 결과를 4 종 항생제와 비교하였다. 

BA와 PA는 pH 4에서 강한 살균효과를 보였으나 MG와 PGG는 pH 7에서 살균

효과를 나타냈다. 이들 성분들은 항생제 amoxicillin (최소 억제 농도 (MIC), 

12.5 mg/L), clarithromycin (64 mg/L), metronidazole (64 mg/L) 또는 

tetracycline (15 mg/L)에 저항성을 보이는 5 종 균주에 대해 감수성 균주와 비

슷한 생육억제활성을 보였으며, 이 결과는 이들 성분과 항생제의 작용기구가 

다르거나 또는 교차 저항성을 나타내지 않는다는 것을 의미하고 있다. PA 및 

구조적 유사성이 있는 10 종 화합물의 구조-활성 상관관계를 분석한 결과, 탄

소 골격과 작용기 등과 같은 구조적 특징 및 소수성이 H. pylori에 대한 항균

활성에 중요한 역할을 하는 것으로 나타났다. H. pylori urease 저해활성을 보

이는 대조약제인 acetohydroxamic acid와 thiourea와 비교하였을 때, PGG는 

acetohydroxamic acid와 비슷한 수준의 저해활성을 보였으나 MG는 thiourea보

다 낮은 저해활성을 나타내었다. 웨스턴블랏 실험결과, UreB의 밴드는 250 

mg/L PGG 농도에서 사라졌으나 UreA 밴드는 1,000 mg/L의 농도에서 희미하
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게 남아있었다. 또한 뿌리 성분들의 HeLa, MRC5 및 A549 (인간 폐암세포)에 

대해 검정한 결과 현저한 세포독성을 보이지 않았다. 뿌리 정유 및 그 성분 

(thymol, α-terpinolene (1R)-(-)-myrtenol (1S,2S,5S)-(-)-myrtanol, (-)-perilla 

alcohol, (-)-borneol, (1R)-(-)-myrtenal 및 PA) 역시 H. pylori에 대한 MIC 값은 

40-160 mg/L로서 활성이 높았다. 뿌리 정유의 경우 5 종 항생제 저항성 균주

에 대해서도 강한 생육억제 및 살균활성을 보였으며, 쥐의 위에서의 H. pylori 

전이증식을 억제하였다. 

또한 적작약 뿌리 정유 성분 및 구조적으로 유사한 화합물의 9 종 유해 

장내세균과 8 종 유산균에 대한 생육억제활성을 amoxicillin과 tetracycline 항

생제와 비교한 결과, thymol, α-terpinolene, (-)-perilla alcohol 및 (1R)-(-)-

myrtenol 등은 모든 유해균에 대해 높은 생육억제활성을 보였으나 thymol과 

α-terpinolene은 유익균(Lactobacillus casei ATCC 393은 제외)의 생육 또한 억

제하였다(MIC, 0.08-0.62 mg/mL). Tetracycline과 amoxicillin은 모든 실험균에 

대해 높은 생육억제활성을 보였으며(MIC, <0.00002-0.001 mg/mL), 1,8-cineole, 

geraniol, (-)-borneol, (1S,2S,5S)-(-)-myrtanol, nerol, (S)-(-)-β-citronellol 그리

고 ()-lavandulol 등도 억제활성을 보였으나 활성의 정도와 특이성은 화합물

에 따라 달랐다. 구조-활성 상관관계를 분석한 결과 기하이성, 포화 정도, 작

용기 종류 및 탄소 골격 등이 모노테르펜 화합물의 생육억제활성에 중요한 역

할을 하는 것으로 나타났다. 
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본 연구를 통해 입증된 적작약 뿌리 유래 물질은 rhinovirus, H. pylori, 장

내유해균 에 의해 유발되는 인간 질병의 예방 및 치료를 위한 항바이러스제 

및 항세균제 또는 선도화합물로서 앞으로 더 많은 연구를 통해 무분별한 항생

제 사용을 줄이는데 핵심적인 발판이 될 수 있을 것이다. 

Key words: 적작약, Paeonia lactiflora, 천연 생육억제제, 천연 살균제, 장내세

균, Helicobacter pylori, 라이노바이러스, 항생제 저항성, 요소 분해 효소

(urease), 테르페노이드, 구조-활성 상관관계 

학번: 2007-30696 
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