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Abstract  

The effects of plant extracts on hPON1 activity have been examined extensively, and it has been suggested that 

antioxidants may enhance serum PON1 activity. In this work, we studied the effects of the flower and leaf extracts of 

Ferulago macrocarpa and Ferulago angulata on the paraoxonase activity of serum hPON1. The functional groups of 

the constituents in Ferulago macrocarpa flower and leaf extract were analyzed using FTIR spectroscopy, and their 

effect on the Paraoxonase-1 activity was determined by measuring the rate of paraoxon hydrolysis substrate conversion 

to p-nitrophenol, which was monitored at 405 nm. Our findings indicated that the extracts increased serum hPON1 

activity at specific concentrations, depending on incubation time. The highest and lowest enzymatic activities were 

recorded after 60 minutes of incubation with 500 μg/mL of the flower extract and in the presence of 100 μg/mL of the 

flower extract, after 300 minutes of incubation, respectively. For Ferulago angulata 

F. macrocarpa extract reduced free radicals by 47% in the DPPH assay. FTIR revealed that the main compounds in 

flower and leaf extracts are phenolic compounds. We concluded that the activatory effects of the extracts on hPON1 

paraoxonase activity were probably due to the presence of phenolic compounds, whose antioxidant activities have 

been established in some studies conducted on other extracts and essences from other plants.                   
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Introduction  

Human paraoxonase 1 (hPON1) is a calcium-

dependent, high-density lipoprotein (HDL)-

associated enzymatic glycoprotein with notable 

anti-inflammatory and antioxidant activities [1–

3]. Primarily encoded in the liver, hPON1 

circulates in the bloodstream bound to HDL 

particles but is also partially expressed in neural 

and intestinal tissues, as well as in organs such as 

the lung, kidney, and heart [3].  

Structurally, hPON1 is a ~43 kDa glycoprotein 

composed of 354 amino acids arranged in a six-

bladed β-propeller motif [4, 5], featuring a 

hydrophobic N-terminal tail responsible for 

anchoring the enzyme to HDL [5]. Though 

hPON1 can catalyze a diverse array of substrates, 
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its primary physiological substrate remains 

unidentified [1, 6].  

Classified under enzyme commission number 

3.1.8.1, hPON1 mainly functions as an A-

esterase, hydrolyzing three substrate groups: 

arylesters, phosphotriesters—including 

organophosphates, which are major components 

of insecticides and nerve agents—and lactones, 

the latter being the strongest candidates for its 

physiological substrate [1, 4, 7]. Catalysis 

involves activation of a water molecule in the 

active site, which, upon deprotonation and proton 

transfer to a histidine residue, generates a 

hydroxyl radical that attacks the substrate’s ester 

bond. A critical polymorphism at residue 192 

significantly influences substrate specificity [1, 6, 

8]. 

Reflecting its broad catalytic capabilities, hPON1 

is implicated in diverse physiological roles. 

While its primary physiological function is yet to 

be precisely defined, beyond detoxifying 

oxidants and organophosphates, hPON1 

participates in metabolic processes including 

glucose and lipid metabolism [9]. Variations in 

hPON1 activity and quality are associated with 

several pathological conditions such as 

atherosclerosis, dysfunctional HDL, diabetes 

mellitus, systemic lupus erythematosus, 

rheumatoid arthritis, psoriasis, muscular 

degeneration, and potentially various cancers [1]. 

These associations underpin the clinical use of 

serum hPON1 status as a diagnostic biomarker 

[10]. Factors affecting hPON1 activity include 

the polymorphism at residue 192 and 

environmental influences [11]. Moreover, there is 

a dynamic reciprocal relationship between serum 

hPON1 and plasma lipid profiles [12]. Dietary 

lipids, in particular, significantly modulate 

hPON1 expression and activity [13]. Numerous 

studies have investigated the impact of diverse 

chemical agents—including antimicrobials, 

antibiotics, antivirals, pharmaceuticals, 

pesticides, and herbal extracts—on hPON1 

activity and plasma levels [11, 14–18].   

Ferulago species, native to the Mediterranean 

region (notably Turkey and Iran), have been used 

medicinally since antiquity [19, 20]. Recent 

research has focused on their antioxidant and 

antimicrobial properties. For instance, Hazrati et 

al. (2019) demonstrated strong antioxidant 

activity in green seeds of F. angulata using the 

DPPH assay [21], while Aghajani et al. (2019) 

successfully extracted antioxidant compounds 

from the same species using ultrasound-assisted 

extraction [22]. Studies on F. cassia revealed 

potent antioxidant activity in its fruit and root 

extracts [23]. Antimicrobial effects have been 

documented in various Ferulago species [24], 

with MIC assays confirming such activity in F. 

pachyloba. Our laboratory has recently 

investigated F. macrocarpa, finding that its 

extracts possess substantial antioxidant activity 

[25]. Additionally, we characterized the essential 

oils of F. macrocarpa flowers and leaves, 

revealing higher monoterpene and sesquiterpene 

content in flower oils. The flower essential oils 

showed strong activity against DPPH radicals, 

Staphylococcus aureus, and Bacillus cereus, 

whereas the leaf essential oils exhibited milder 

antiradical effects and no antimicrobial activity 

[26]. 

Based on the antioxidant properties of F. 

macrocarpa extracts, we hypothesized that these 

extracts could influence serum hPON1 

paraoxonase activity. Therefore, this study aims 

to investigate the effects of flower and leaf 

extracts of F. macrocarpa on the paraoxonase 

activity of serum hPON1. 

Material and Methods  

Preparing the plant extracts        

Areal parts of F. macrocarpa were collected from 

Lorestan province, Iran, in spring 2018. The plant 

parts we collected were dried out of sunlight and 

stored at 4ºC. Ten grams of dried plant powder 

were placed in an Erlenmeyer flask to evenly 

cover the bottom. We added 70% ethanol solution 

to the powder, stirring it, and placed it in the dark 
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to incubate for 24 hours. Filtering the solution 

through filter paper followed. The filtrated 

solutions were concentrated under a vacuum 

using a rotary concentrator at 75ºC. The residue 

was incubated overwatch glass for 24 hours at 

40ºC C to dry. The resulting extracts were stored 

at 4ºC. 

hPON1 activity assays 

We collected blood samples from healthy 

volunteers and centrifuged them at 3000 rpm for 

15 minutes to isolate and collect the serum 

samples. These samples were stored at -20ºC. We 

used the same method that was previously 

reported to compare hPON1 activities in the 

presence and absence of the plant extracts. 

hPON1 hydrolyses paraoxon to p-nitrophenol 

which we read its absorbance at 405 nm to 

measure the enzymatic activities [27]. The 

readouts were recorded using a Jenway UV-

visible spectrophotometer at different times from 

0 to 360 minutes after adding paraoxon to the 

assay mixtures, which were included human 

serum and different concentrations of the plant 

extracts. 

FTIR spectroscopy of F. macrocarpa extracts 

We mixed 1-part dried extract with 100 parts 

potassium bromide and pressed the resultant 

powder to shape it into a clear compact disk. 

Afterwards, we employed a Shimadzu 8400S 

FTIR spectrophotometer to pinpoint organic 

compounds in F. macrocarpa dried extract 

powders from wave 4000-500 cm-1 at a sensitivity 

of 4cm-1. 

Statistical analysis 

We used SAS 9.2 software to analyze hPON1 

activities statistically. Based on the results, there 

is a significant difference among hPON1 

activities in four different incubation times and 

five different concentrations in of flower, leaf of 

F. angulate hydroalcoholic extracts (P<0.01). 

Results  

Effects of the F. macrocarpa extracts on hPON1 

activity 

The effects of different concentrations of F. 

macrocarpa flower and leaf hydroalcoholic 

extracts on hPON1(human paraoxonase 1) 

activities are shown in Figures 1a and 1b. Figure 

1a shows that 15 minutes after incubating assay 

mixtures with paraoxon, hPON1 activities 

increased by approximately 20 to 40% with 

increasing flower extract concentration. The 

same trend was observed at 60 and 180 minutes 

with flower extract concentrations up to 500 

μg/mL, where enzyme activity increased by about 

30 to 50%; however, at 1000 μg/mL, hPON1 

activity decreased by 15 to 25% compared to the 

negative control. After 300 minutes of incubation, 

concentrations below 500 μg/mL inhibited the 

enzyme by 10 to 30%, while higher 

concentrations did not significantly affect hPON1 

activity. The highest and lowest enzymatic 

activities were recorded in the presence of 500 

μg/mL flower extract after 60 minutes (26.12% 

increase) and 100 μg/mL flower extract after 300 

minutes (28.56% decrease), respectively. Abdel-

Wahhab et al. (2016) found that fennel seed 

extract has a strong activatory effect on hPON1 

[16]. Given that fennel and F. macrocarpa are 

both members of the carrot family, our findings 

support previous studies. 

As shown in Figure 1b, there was no linear 

relationship between the leaf hydroalcoholic 

extract concentration and hPON1 activity. Fifteen 

minutes after adding paraoxon, lower 

concentrations of the F. macrocarpa leaf extract 

inhibited enzyme activity by 10 to 20%, while 

concentrations of 500 μg/mL and 1000 μg/mL 

increased activity by 20 to 35% relative to 

control. After 60 minutes of incubation, 100 

μg/mL of the leaf extract inhibited hPON1 by 

approximately 15%, but higher concentrations 

increased activity by 25 to 40%. At 180 minutes 

post-paraoxon addition, 250 μg/mL and 500 

μg/mL of leaf extract inhibited hPON1 activity by 

20 to 30%, whereas 1000 μg/mL increased 



Samira Jafari et al 

70 Herbal Medicines Journal. 2025, 10(3) 

 

enzyme activity by 67.66% compared to control. 

The greatest inhibitory effect was observed at 250 

μg/mL after 180 minutes, with a 9.33% reduction 

in hPON1 activity. 

a 

 

b 

 
Fig. 1 Effects of F. macrocarpa flower extracts on serum hPON1 activities at different times of incubation (a) and effects of 

F.macrocarpa leaf extracts on serum hPON1 activities at different times of incubation (b). 

The alcoholic extract of leaves showed a 

significant difference in enzyme activity across 

five concentrations at a statistical significance 

level of (P < 0.01). The results of the analysis of 

variance of the alcoholic extract of flowers also 

showed that there was a significant difference 

between enzyme activity between 5 extract 

concentrations at a statistical significance level (P 

< 0.01). and 4 different incubation periods at a 

statistical significance level (P > 0.05). 

Effects of various drugs and plant extracts and 

essences on hPON1 activity have been shown in 

different studies. Rats with ApoE deficiency 

showed a 43% increase in hPON1 activity after 

being given pomegranate juice, which contains 

flavonoids [28]. Another in-vivo study has shown 

that consumption of pomegranate juice could 

increase hPON1 activity in type-2 diabetic 

humans [29]. Tas et al. (2011) reported that green 

tea had a significant effect on serum hPON1 

induction [30]. Numerous studies have shown 

that flavonoids and other antioxidants found in 

plant extracts have a positive impact on hPON1. 

Citrus flavonoids were used in a study that raised 

hPON1 antioxidant levels [31]. Positive effects of 

olive oil with great antioxidant activities on 

serum hPON1 have been shown in another study 

[32]. In an in vitro study, human hepatic cells 

were treated with antioxidant drugs including 

fluvastatin, simvastatin, and pravastatin, and an 

increase of 25-50% in hPON1 activity was 

observed [33]. 

FTIR spectra of leaf and flower hydroalcoholic 

extract 

Figures 2a and 2b are the FTIR spectra of F. 

macrocarpa flower and leaf hydroalcoholic 

extracts, respectively. The main picks in the 

flower FTIR spectrum are 1074 cm-1, 1448 cm-1, 

1623 cm-1, 2927 cm-1, and 3321 cm-1 and the main 

picks of the leaf FTIR spectrum are 1049 cm-1, 

1448 cm-1, 1616 cm-1, 1739 cm-1, 2925 cm-1, and 

3379 cm-1. The intense signals in 1078 cm-1 and 

1049 cm-1 of the F. macrocarpa flower and leaf 

FTIR spectra, respectively, could be related to 

stretching vibrations of C-O-C bounds.  

Extracts of F. macrocarpa have antioxidant 

activities and can increase hPON1 activity in 

serum samples, but these effects are strongly 

related to the extract concentration and the 

incubation times. Studies such as those conducted 

by Haidari previously confirmed an increased 

activity of hPON1 serum activity in response to 

plant extract [34, 35]. As shown in the FTIR 

results, phenolic compounds are the main 

components of leaf and flower extracts. The 

antioxidant properties of plant phenolic 

compounds have been well documented in some 

studies [36, 37, 38].  
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Fig. 2 FTIR spectrum of 

F. macrocarpa flower 

(a) and leaf (b) extracts. 

a 

 
b 

 

Conclusion  

In conclusion, extracts of F. macrocarpa, rich in 

phenolic compounds, significantly modulated 

serum hPON1 activity in vitro. These effects were 

concentration- and time-dependent, suggesting 

potential applications in pharmaceutical and 

nutraceutical fields. 
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