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ABSTRACT 

       Background and objective: Peroxidases catalyze protein oxidation and lipid peroxidation. The activity of 

these enzymes in nerve cells is involved in causing disorders such as Alzheimer's and Parkinson's disease. This 

study investigated the effect of Citrus aurantium, Foeniculum vulgare and Rosmarinus officinalis essential oils on 

activity of peroxidase enzyme. 

      Methods: All three medicinal plants were dried at room temperature. Their essential oil was extracted by 

steam distillation using a Clevenger apparatus. Optimal reaction conditions were determined in the presence of 

hydrogen peroxide and guaiacol as substrate and hydrogen donor, respectively. Enzyme kinetics of zucchini 

peroxidase were evaluated by increasing the amount of essential oils in optimal reaction conditions. Enzyme 

reaction rate for each of the essential oils and the Km and Vmax values were determined. 

      Results: The results indicated concentration-dependent effect of the extracted essential oils on enzyme 

kinetics at optimum temperature of 50 °C and optimal pH of 6.5. The essential oil of Citrus aurantium had non-

competitive inhibitory effects on the enzyme with Km of 6.25 mM, while the enzyme’s Vmax significantly reduced 

by increasing the concentration. Foeniculum vulgare showed mixed inhibition effect with Km of 7.14 mM per 20 

μl of the essential oil, but had a decreasing effect on the Vmax in smaller amounts. Finally, Rosmarinus officinalis 

showed activating effects by reducing the Km to 4-5.88 mM. 

        Conclusion: The essential oils of Citrus aurantium and Foeniculum vulgare are inhibitors of the peroxidase 

enzyme and can be further studied as natural herbal medicines. 

        Keywords: Peroxidase, Essential Oil, Neurodegenerative Diseases, Enzyme Inhibitors. 
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when  the  reaction  environment  is   saturated  

with hydrogen donor and true Vmax is observed  

when the reaction environment is saturated 

with substrate concentration (9). Moreover, 

heme-containing peroxidases nonspecifically 

catalyze protein oxidation and lipid 

peroxidation in the presence of hydrogen 

peroxide and cause cell lysis. Protein 

oxidation, lipid peroxidation and cell lysis 

occur when neural cells are degenerated (as in 

Alzheimer's and Parkinson's disease). 

Therefore, there may be one or more 

peroxidase enzymes involved in neural 

degenerative processes, which have not been 

seriously considered before (7). Zucchini, a 

cheap and accessible plant was used as the 

source of peroxidase enzyme in this study. The 

in vitro effect of essential oils of Citrus 

aurantium, Foeniculum vulgare seeds and 

Rosemarinus officinalis on peroxidase enzyme 

was investigated and the reaction kinetics 

parameters were measured. Guaiacol was used 

as the hydrogen donor to determine the 

optimal reaction conditions. 

MATERIAL AND METHODS 

        fresh zucchinis were purchased from the 

market, washed with tap water and then 

cleaned by distilled water. They were grated 

and then mixed with distilled water with a 

74% (w/v) ratio and the mixture was stirred. 

The resulting mixture was passed through a 

two-layered fabric to remove pieces of plant 

tissue and centrifugation was performed for 15 

minutes at 10000 g. Solution phase was 

borough to 50% saturation by ammonium 

sulfate and the solution was stored at 4 °C for 

4 hours. The mixture was     centrifuged   for   

a   second  time  for  15 minutes at 10000 g. 

The  supernatant  was collected  and  

ammonium  sulfate  was  added to 85% 

saturation. The  mixture was  kept in the 

refrigerator for 4 hours and then centrifuged 

for  the  third  time  as  described  above  and 

the resulting   precipitate   was   collected.   

The   obtained suspension    was poured in 

dialysis   bags   and dialysis was    performed 

at 4 °C for 24 hours in   distilled  water  (water 

in  the container  was  replaced every  6  

hours).  The  obtained  suspension  contained  

peroxidase  which  was  distributed  in micro-

tubes   and   stored at -20 °C (10).  The  

amount  of  protein  was  measured  by  Lowry 
 

 
INTRODUCTION 

         Essential oils are aromatic compounds 

that are produced in specific plant cells and 

stored in a part or parts of plants. These 

compounds have therapeutic applications in 

traditional medicine for oral or external use (1-

2). So far, the presence of compounds with 

therapeutic properties such as antimicrobial, 

antioxidative, antifungal, antiviral and 

anticarcinogenic effects in essential oils, 

derived from plants and their associated 

chemical compositions are proven (3). In a 

study, the anti-ulcer and gastric mucosal tissue 

protective effect of essential oil of Citrus 

aurantium against ethanol-induced damage, 

has been reported as 99%. Simultaneously, 

limonene compound which consists 97% of 

this essential oil has the same effect as the 

essential oil itself (4). Essential oil of 

Foeniculum vulgare has antibacterial and 

antifungal activities, and studies have shown 

that this essential oil is a suitable alternative 

for synthetic antifungal compounds against 

plant pathogens. In addition, this essential oil 

has a protective effect against liver damage 

caused by CCl4 in mice. Among the 

constituents of the Foeniculum vulgare 

essential oil, limonene and beta-myrcene show 

higher liver protective effects (5). Comparing 

the antibacterial and anti-ovarian and -hepatic 

cancer activity of Rosmarinus officinalis 

essential oil and its three main components 

(1,8- alfa cineole, alpha-pinene and beta-

pinene) have shown that the full essential oil 

has higher effects than each of its constituents 

(6). Family of peroxidases consist of many 

enzymes, all of which catalyze the 

dehydrogenation of a large variety of 

substrates using hydrogen peroxide (7). 

Peroxidases use hydrogen peroxide to oxidize 

various hydrogen donors such as phenols, 

aromatic amines, ascorbic acid, indole and 

some inorganic ions. Oxidation is a three-step 

cyclic reaction in which peroxidase enzyme 

oxidizes another molecule using H2O2 and 

then reduces it in two consecutive single-

electron transfer steps (8). Peroxidase enzyme 

kinetics are altered depending on the 

concentration of hydrogen donors, while it is 

hardly affected by the hydrogen peroxide 

concentration changes. Thus, the true Km of 

the enzyme for hydrogen peroxide is observed  
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pH relative activity of the enzyme at different 

pH levels was calculated by equation (2) and 

by plotting the enzyme activity, relative to 

various pH levels, the optimum pH was 

obtained (12). Eq. (2) A = OD470(ΔAbs)/t 

(min) (A stands for enzyme activity and ΔAbs 

To determine the optimum temperature, 

relative enzyme activity under standard 

conditions at 5, 10, 15, up to 60 °C in 0.02 M 

potassium phosphate buffer at pH 6.5 was 

measured and the enzyme activity graph was 

plotted in different temperatures (12). 

To study the effect of essential oils on 

peroxidase, enzyme activity was measured for 

different concentrations of hydrogen peroxide 

and essential oils. For this purpose, 

concentration of the substrate (0.1% hydrogen 

peroxide) from 3.25-26 mM and concentration 

of each essential oil from 0.005-0.02 mL in 

100mL of distilled water, were used (12). 

Reaction solution contained 0.1 mL 1% 

guaiacol, 0.1% hydrogen peroxide, 0.03 mL 

diluted essential oil, 0.1 mL extracted enzyme 

suspension and 2.7 mL of 0.2M potassium 

phosphate buffer with pH 6.5. Absorbance 

changes over time were recorded in minutes. 

Also, 0.03 mL of distilled water was used 

instead of essential oil as control. All 

measurements were performed at wavelength 

of 470 nm. To obtain the enzyme kinetic 

parameters of Km and Vmax, Lineweaver–Burk 

plot for each essential oil was plotted and the 

exact amount of Km and Vmax and their type of 

inhibition on the peroxidase enzyme was 

concluded (Table 1). 

RESULTS 

      Specific activity of peroxidase in different 

stages of extraction was obtained from 

equation (1). The Lowry assay was used to 

determine the protein concentration in various 

stages of extraction (13). The concentration of 

extracted enzyme at the final stage was found 

as 10.62mg/ml  by  drawing  the standard  line 

for bovine serum  albumin and equation of y = 

0.0031x-0.0011; (R
2
 = 0.9939). Peroxidase 

specific activity  of crude  extract (after the 

first  centrifugation ),   after   increasing    50% 

 

 

 

 

 

 

 

 

protein assay. After measuring the enzyme 

activity, specific peroxidase activity in each 

stage of extraction was determined by equation 

1. Eq. (1) Specific activity of the enzyme 

(U/mg) = Enzyme reaction rate (ΔA / min) / 

the amount of protein (mg / ml). 

Water steam distillation was used to extract 

the essential oils of Citrus aurantium, 

Foeniculum vulgare and Rosemarinus 

officinalis. For this purpose, steam distillation 

system and Clevenger equipment consisting a 

heater, a 2-liter balloon, distillation column 

and refrigerant condenser were used (7). 

Amount of 75 g Citrus aurantium petals, 

Foeniculum vulgare seeds and Rosemarinus 

officinalis twigs were dried at room 

temperature and away from direct sunlight. 

They were powdered using an electric mill and 

transferred to the essential oil extractor balloon 

and then 500 ml of distilled water was added 

to the balloon. After three hours of heating and 

observing an oily phase after cooling, essential 

oil was separated and collected from the water 

phase by adding 2 drops of n-hexane to the 

tube containing water and essential oils. The 

samples were dewatered on small amount of 

magnesium sulfate and after evaporation of 

hexane, essential oils were weighed and the 

percentage of essential oil weight/ dry weight 

of plant parts ratio was determined. The 

essential oils were then kept in dark containers 

in the refrigerator at 4 °C for subsequent 

experiments (11). 

Buffers at pH 3 to 11 were used to determine 

the optimal pH of the enzyme. For this 

purpose, 0.05 M citrate buffer for buffer range 

of 3-6, 0.05 M tris buffer for buffer range of 6-

9 and 0.05M carbonate buffer for buffer range 

of 9.5-11, were used (8). In each test tube, 100 

µL of 1% guaiacol (v/v), 200 µL 0.1% 

hydrogen peroxide (v/v) and 100 µL enzyme 

were brought to volume of 3 mL using the 

buffer (9). Then, absorbance changes in each 

test tube were recorded every 30 seconds at 20 

°C at a wavelength of 470 nm, for 5 minutes. 

The relative activity of the enzyme at different  
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is absorbance changes of reaction mixture at 

any  time  (t)  at  a  wavelength   of   470   nm). 

(Figure 1). 

Figure1: The results indicate that the 

environment temperature increase from zero to 

50 °C, increases the enzyme activity, So that 

the enzyme activity reaches the maximum at 

50 °C and thus, it could be reported as the 

optimum temperature for peroxidase activity 

of green zucchini extract. 

Figure2: The essential oil of Rosmarinus 

Officinalis increase the activity of peroxidase, 

while the essential oils of Citrus Aurantium 

and Foeniculum Vulgare seeds decrease the 

activity of this enzyme. The kinetic behavior 

of each essential oil is demonstrated on the 

Linweaver-burk plot (Figure 3). The exact 

values of apparent Km and Vmax for the effect 

of each essential oil (Table 1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ammonium sulfate, after increasing 85% 

ammonium sulfate, the third centrifugation and 

after dialysis, was found as 0.017, 0.047, 0.31 

and 125.38 U/mg, respectively. In other words, 

the enzyme obtained from zucchini was 

purified 7375 times in the final stage in 

comparison with the first stage. Evaluation of 

the kinetic characteristics of peroxidase 

enzyme found in the protein extract of green 

zucchini showed that, the enzyme activity 

significantly increased with a linear trend by 

increasing the pH from 4 to 6.5. Meanwhile, 

the enzyme activity at pH 5.5-7 were 

maintained at a relatively high level. There 

was a negative correlation between increasing 

pH from 7.5 to 9 and peroxidase activity, with 

significant reduction of enzyme activity 

observed   in   highly    alkaline   environments  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Volume *(µl) Km (mM) 1/Vmax (mmol/min)-1 

Essential oil of Citrus aurantium 

0 6/25 8/5 

5 6/25 9 

10 6/25 9/5 

20 6/25 10 

Essential oil of Foeniculum vulgare 

0 6/25 10 

5 4 13 

10 5 11 

20 7/14 9/5 

Essential oil of Rosmarinus officinalis 

0 6/89 9/5 

5 4 11 

10 4/34 11/5 

20 5/88 10/5 

 

Table 1- Peroxidase kinetic parameters for different amounts of Citrus aurantium, Foeniculum Vulgare seeds 

and Rosmarinus Officinalis essential oils 

 

* Different amounts of essential oils (5, 15 and 20 µl), originally dissolved in 100 ml of distilled water and then 0.03ml of each 

essential oil was used for the experiments 
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Figure 1- Effect of pH on activity of zucchini peroxidase 
 

 

Figure 2- Effect of temperature on activity of zucchini peroxidase 

 

 

 

Figure 3- Linweaver – Burk plot of peroxidase enzyme’s kinetic behavior in the presence of essential oils of 1. Citrus aurantium 

seeds, 2. Foeniculum Vulgare and 3. Rosmarinus Officinalis. Each sign of essential oil volumes ♦ zero, ■ 5, ▲ 10 and ● 20 are in 

microliter which were diluted in 100 ml of distilled water and later used in the experiments.1/[S] refers to reversed 

concentration of hydrogen peroxide in mM (mM)-1. 1/V is calculated by reversing the reaction rate to absorbance changes in 

minute (ΔAbs/min)-1. 
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In the presence of 5 and 10 µl of Foeniculum 

Vulgare seeds essential oil, the enzyme’s Km 

and Vmax are relatively declined, a kinetic 

behavior that confirm the inhibition type as 

mixed (Table 1). Thus, according to the results 

of this study, the inhibitory mechanism and 

power in both Citrus Aurantium and 

Foeniculum Vulgare essential oils are not the 

same and even very low concentrations of 

Rosmarinus Officinalis seed essential oil can 

increase peroxidase activity. Regarding the 

essential oil of Rosmarinus Officinalis, the 

Linweaver-burk plot represents the decline of 

Km (and relative decrease in Vmax) compared 

with the control. This behavior relatively 

increased activity of the enzyme. Affinity of 

the enzyme to the substrate increases in the 

presence of this essential oil, thus, the 

mechanisms that activate the enzyme become 

efficient in the presence of the Rosmarinus 

Officinalis essential oil. As a result, the 

essential oil of Rosmarinus Officinalis can be 

classified as an unnecessary activator. This 

means that the enzyme is capable of normal 

activity in the absence of these activators. 

Given the complexity of the chemical 

constituents of these three essential oils and 

structure of the enzyme’s active site, it seems 

logical that none of the above essential oils 

function through the enzyme’s active site. The 

effect of essential oils of eucalyptus, tea, 

lemon and a few other plants on reducing the 

activity of peroxidase found in vegetables, was 

investigated. It was reported that these 

essential oils which are natural antioxidants 

with antibacterial properties, have different 

effects on the activity and kinetics of 

peroxidase from different sources (17). High 

activity of peroxidase enzymes in the nerve 

cells leads to the destruction of the cells and 

progression of disorders such as Alzheimer's 

and Parkinson's disease, thus the use of Citrus 

aurantium and Foeniculum Vulgare seeds 

essential oils as medicinal plants are 

recommended for future in vivo studies to 

prevent the progression of these two diseases. 

On the other hand, in future studies on these 

essential oils, the active components in each 

essential oil can be isolated and identified 

using high performance liquid chromatography 

and then compare their mechanism and power 

of inhibiting peroxidase enzyme by computer 

modeling. 

 

DISCUSSION 

      Parkinson's and Alzheimer's disease are 

disorders that affect various parts of the central 

nervous system. Studies have shown that the 

biochemical reactions involved in these two 

neurodegenerative diseases are quite similar. 

There are two enzymatic pathways involved in 

neuronal damage which include the oxidative 

pathway that leads to the destruction of 

proteins and lipids of various nerve tissues, 

and the apoptosis pathway that the body 

normally uses to eliminate inefficient cells. 

Experiments show that oxidative reactions are 

the main cause of neurodegenerative diseases, 

while apoptosis is a secondary reaction. There 

are certain oxidative reactions in damaged 

nerve cells due to the presence of several type 

of heme-containing peroxidase, which 

oxidases proteins and lipids. Therefore, 

inhibition of peroxidase enzymes are 

investigated to target the reduction of 

neurodegenerative diseases’ progression. 

Compounds that reduce disease progression 

are strong inhibitors of peroxidase enzymes 

(14). Peroxidase activity is closely associated 

with the degeneration of neurons in 

Parkinson's disease (15). In a study on the 

effect of blood pressure medications on 

peroxidase enzyme, the results represented 

Antonol as an activator of this enzyme, while 

Losartan and Captopril were found as 

inhibitors of this enzyme (16). In the literature, 

the optimal pH in various plant sources has 

been reported in the area of 3.5 to 6.5. The 

optimum pH for peroxidase in palm leaves, 

peanuts and vanilla are 5, 3.6 and 3.8, 

respectively (8). The results of the present 

study showed the highest enzyme activity at 

pH of 6.5. Also, 45 °C is also considered as 

the optimum temperature for the reaction of 

peroxidase in tea leaves and soybean hulls (8), 

while in the present study, the optimum 

temperature for the activity of this enzyme in 

zucchini was found as 50 °C. Peroxidase 

enzyme reaction rate in the presence of Citrus 

Aurantium essential oil increased the enzyme’s 

1/Vmax, while the apparent Km of the enzyme 

was constant at 6.25 mM. This indicates that 

the inhibitory mechanism is non-competitive. 

Therefore, it can be claimed that the 

components of Citrus Aurantium essential oil 

bind to a place other than the active site, so 

that the active site of enzyme is changed after 

binding and thus inhibits the enzyme. 
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natural compounds to treat diseases that 

peroxidase enzyme activity is involved in. 

However, further in vivo studies on animal 

models are required for more conclusive 

results. 
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CONCLUSION 

      Essential oils (Citrus aurantium and 

Foeniculum Vulgare and Rosmarinus 

Officinalis) affect the activity of peroxidase 

enzyme. Essential oils of Citrus aurantium and 

Foeniculum Vulgare are uncompetitive and 

mixed inhibitors of the enzyme, respectively. 

While, the essential oil of Rosmarinus 

Officinalis increases the enzyme’s activity. 

Based on these results, due to their inhibitory 

properties, essential oils of Citrus aurantium 

and Foeniculum Vulgare can both  be  used  as 
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