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ABSTRACT  

Paraoxonase is a calcium dependent enzyme which is related to HDL. Paraoxonase plays an important 

role in development of atherosclerotic lesions by preventing LDL from oxidation. Different antioxidants 
such as flavonoids affect serum paraoxonase activity. In the current study, we investigated the effect of 

some flavonoids on serum paraoxonase activity in rats by gavage feeding of flavonoids in dose 7.5 and 15 

mg/kg body weight. Group A received only water and ethanol 25%, group B received myricetin and 

ethanol 25%, group C received quercetin and ethanol 25%, group D received kaempferol and ethanol 
25% and group E received galangin and ethanol 25%. At the end of experimental period, serum 

paraoxonase activity was evaluated. All of the flavonoids increased serum paraoxonase activity.  
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INTRODUCTION 
Paraoxonase-1 (PON-1, EC 3.1.8.1) is a calcium dependent serum esterase that bounds to HDL (Arslan et 

al., 2011; Beltowski et al., 2004b and Yeung et al., 2004). PON-1 belongs to a multigene family in 

mammals that includes two other members: PON-2 and PON-3 (Primo-Parmo et al., 1996). These three 

enzymes show similarity at the amino acid levels between mammalian species (Billecke et al., 2000). 

PON-1 and PON-3 are expressed in the liver while PON-2 is expressed in some tissues such as kidney, 

liver, brain and testis (La Du et al., 1999). Although PON-1, PON 2 and PON3 lack paraoxonase or 

arylesterase activities but all of them are able to hydrolyze aromatic and long-chain aliphatic lactones 

(Draganov et al., 2000). Previous researches have established that PON-1 could hydrolyze 

organophosphorous compounds such as diazoxon and chlorpyrifos oxon as well as nerve agents such as 

sarin and soman (Van et al., 2006). The most important action of PON-1 is to prevent LDL from 

oxidation (Lusis et al., 2004) and to hydrolyze homocysteine thiolactone, so it has a main role in 

development of atherosclerosis (Jakubowski, 2000 and Kosaka et al., 2005). There are several 

polymorphisms in the coding region of the human PON1 gene by which the transcriptional levels and 

catalytic activity of PON1 are determined (Costa et al., 2003a). Two polymorphisms were observed in the 

coding region of PON1 gene: Gln (Q) Arg substitution at position 192 and Leu (L) Met (M) substitution 

at position 55 (Costa et al., 2011b). 

Various factors alter paraoxonase activity. One of them is flavonoids. Flavonoids are a polyphenols 

(Tapas et al., 2008) present in human diet (Vaya et al., 2003). They are natural antioxidants that inhibit 

lipid oxidation. They usually include one or more aromatic hydroxyl groups. This moiety is responsible 

for the antioxidant activity of flavonoids (Lee et al., 2002). Flavonols are the most widely distributed 

subclass of flavonoids in nature. Flavonols are found in vegetables and fruits such as onions, apples and 

tea (Perez-Vizcaino and Duarte, 2010). 

Because of the high incidence of cardiovascular disease and the role of paraoxonase in these illnesses, in 

the present study we investigated thein vivo effects of flavonols on serum paraoxonase activity in rats.  
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MATERIALS AND METHODS 

Reagents 

Myricetin, quercetin, Kaempferol, galangin, paraoxon and Tris-HCL were purchased from Sigma and 
calcium chloride was provided from Merck. 

Experimental animals 

Fifty male Wistar rats weighing 150±20 g were purchased from Pasteur Institute (Tehran, Iran). Rats were 
housed five per cage. They were fed a rat chow diet and water ad libitum. They were kept in a 

temperature-controlled environment ( ) with an alternative cycle of 12 h light/dark for one 

week. Before starting the treatment, blood was collected from each rat by retroorbital bleeding of the eye 
under mild anesthesia using dry tubes. The blood was centrifuged at 3000 rpm and serum was isolated. 

Then, serum paraoxonase activity was evaluated by the method described by Beltowski et al., (2013). 

Experimental protocol  
The study protocol was approved by the Ethics Committee of Isfahan University of Medical Sciences. 

According to the Beltowski’s method (Beltowski et al., 2003a), serum paraoxonase activity was measured 

based on the spectrophotometric measurement of p-nitrophenol levels (Gil et al., 1994 and Juretic et al., 

2001). By using this method, Tris-HCL buffer (containing Tris-HCL, 100 mM and CaCl2, 2 mM, PH 8) 
and paraoxon stock 4 mM were provided. Each set of assays included 40 µL serum, 460 µL Tris-HCL 

buffers and 500 µL paraoxon. The absorbances were measured at 412 nm and 25C̊ and the paraoxonase 

activity was calculated according to the following formula: 
 

fTALUPoNActivity  /)/(1
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)( lvolumeTotalTV   
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)(min uteTimeT   

01829011
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(Formula 1) 

Fifty rats were assigned randomly to five groups, 10 rats in each group. Experiments were performed for 

either four or six weeks. All of the groups received the treatments through gavage as follows: 
i) Group A: 1 ml 25% ethanol in water. 

ii) Group B: 7.5 mg myricetin/kg body weight + in 1 ml 25% ethanol  for five rats and 15 mg 

myricetin/kg body weight + in 1 ml 25% ethanol  for another five rats. 

iii) Group C: 7.5 mg quercetin/kg body weight + in 1 ml 25% ethanol for five rats and 15 mg quercetin/kg 
body weight + in  1 ml 25% ethanol  for another five rats. 

iv) Group D: 7.5 mg kaempferol/kg body weight + in 1 ml 25% ethanol for five rats and 15 mg 

kaempferol/kg body weight + in 1 ml 25% ethanol  for another five rats. 
v) Group E: 7.5 mg galangin/kg body weight + in 1 ml 25% ethanol for five rats and 15 mg galangin/kg 

body weight + in 1 ml 25% ethanol for another five rats. 

Gavage feeding was done once a day. The animals were given food and distilled water freely during the 
experiment. 

At the end of the experimental period, blood was collected from heart under anesthesia by ketamine and 

xylazine. The blood was centrifuged at 3000 rpm. Serum paraoxonase activity was determined by 

Beltowski method as mentioned above.
 

One unit of paraoxonase activity is equal to 1 µmole of paraoxon hydrolyzed/min/l.  
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Statistical analysis 

Statistical analysisof serum paraoxonase activities were done by one-way ANOVA using SPSS version 

15. A  P value<0.05 was considered significant. 

 

RESULTS AND DISCUSSION 

Serum paraoxonase activity was increased by all of the flavonoids as shown in figures 1 and 2. In both 
dosages of 7.5 and 15 mg/kg body weight, there was a significant difference between group B, C, D and E 

when compared with the control group (p<0.009). Our results are in accordance with other studies which 

stated that antioxidants such as flavonoids could preserve serum paraoxonase activity (Aviram et al., 

2000). Investigations in vivo and in vitro showed that antioxidants can increase serum paraoxonase 
activity by preserving the enzyme against oxidative stress (Hayek et al., 1997) 

 

 
Figure 1: Comparison of serum paraoxonase activities flavonoid-treated groups and the control. 

Mean changes (Δ mean): of PON-1 activity after treatment –the activity before treatment. A) 7.5 mg 

flavonoid/kg body weight B) 15 mg/kg body weight 
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Figure 2: Comparison of serum paraoxonase activity before and after treatment in dosage of 7.5 

mg/kg body weight 

 

Our results showed that at a dose of 7.5 mg/kg body weight, there was a significant difference between 
the activity of serum paraoxonase before treatment and that of four-weeks after gavage treatment with all 

of the flavonoids (p<0.043) (figure 3). The same pattern was obtained with 15 mg dosage. (p<0.043) 

(figure 3). In agreement with our study, are the results of Aldridge (1953) who reported an increased 
serum paraoxonase activity by galangin. Feese et al., (2002) reported that kaempferol was able to inhibit 

lipid peroxidation. Administration of quercetin (10 mg/l fluid diet) for four weeks increased the 

expression of hepatic paraoxonase by 35% and the activity of hepatic paraoxonase by 57% and that of 

serum paraoxonase by 29% (Leckey et al., 2010). Similarly, 4-week consumption of quercetin by mice 

devoid of LDL receptors ), caused increases of 40% and 90% in hepatic mRNA and serum 

paraoxonase activity respectively (Rosenblat et al., 2008). 

 

 
Figure 3: Comparison of serum paraoxonase activity before and after treatment in dosage of 15 

mg/kg body weight 
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  Myricetin     Quercetin 

 
            Kaempferol      Galangin 

Figure 4: Structure of flavonols 

 

In dosages of 7.5 and 15 mg/kg body weight, the order of increasing serum paraoxonase activity was as 

follows: 
Myricetin > quercetin > kaempferol > galangin (Figure 1 A and B) 

It has been shown that there was no significant relationship between dosage of 7.5 and dosage of 15 

mg/kg body weight for each of these flavonoids. 
Fuhrman and Aviram showed that consumption of wine flavonoids preserved paraoxonase activity. The 

increased levels of serum paraoxonase in  have been contributed to the reduction of LDL 

oxidation in the presence of red wine-derived polyphenolic antioxidants (Fuhrman and Aviram, 2002). 
Our results about the effect of flavonoids on paraoxonase activity are similar to those of recent studies. 

Consumption of red wine by 40 increased serum paraoxonase activity by 75% during six weeks. 

Administration of pomegranate to Apo-E deficient rats increased paraoxonase activity by 26% to 43% 
(Aviram et al., 2000a). Consumption of pomegranate by healthy men caused an increase in serum 

paraoxonase activity by 20% (Boesch-Saadatmandi et al., 2010b). Also Bosch Saadatmandi et al. showed 

that Flavonols can increase serum paraoxonase activity (Boesch-Saadatmandi et al., 2011a). Rosenblant 
et al. investigated the effect of green tea on serum paraoxonase activity. It was shown that the 

antioxidants of green tea increased serum paraoxonase activity (Rosenblat et al., 2008). Tas et al., (2011) 

studied the effect of green tea on streptozotocin-induced diabetic rats for 3 and 6 weeks. They reported 
that consumption of green tea which is rich in flavonoids had antihyperlipidemic and antioxidative effects 

and it could prevent progression of atherogenesis by preserving paraoxonase activity. Similarly, in other 

investigations flavonoids of citrus increased serum paraoxonase activity (Jung et al., 2006). 

Figure 4 shows the structure of the flavonoids used in our study. The basic structure of these four 
flavonoids is the same and the difference is mainly due to the number and location of hydroxyl groups. 

Paraoxonase activating potential of these flavonoids is probably due to the different numbers and 

locations of hydroxyl groups on these compounds. Myricetin, quercetin, kaempferol and galangin contain 
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6, 5, 4 and 3 hydroxyl groups, respectively. The underlying mechanism by which these flavonoids 

increased serum paraoxonase activity in rats has not yet been fully elucidated. 

Conclusion  
In this study it was shown that flavonoids can enhance serum paraoxonase activity. Also, we studied the 

relationship between hydroxyl groups and their effects on paraoxonase activity. However, the mechanism 

by which flavonoids could increase serum paraoxonase activity is still unknown. 
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