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Abstract: 

 The purpose of this study was to screen natural compounds extracted from plant species (Peganum harmala, Pistacia 
terebinthus, Sarcopterium spinosum, Pistacia lentiscus, Hypericum empetrifolium) as medicine alternates in order to 
investigate the inhibition characteristics on catechol-O-methyltransferase (COMT) activity. Enzyme activity and inhibition 
assays were performed flourometrically where S-adenosylmethionine (SAM) and Aesculetin (ES) were used as methyl 
donor and acceptor substrates, respectively. The Km values of SAM and ES were determined as 3.5 ± 0.3 µM and 6.4 ± 0.4 
µM in absence of inhibitor, respectively. Inhibition performances of the natural, plant derived polyphenolics and alkaloids 
were determined and found that alkaloids extracted from P. harmala seeds showed the strongest inhibition as well as 3,5-
dinitrocatechol (3,5-DNC), positive control. Inhibition mechanism of alkaloids was defined with tight binding 
uncompetitive Michaelis-Menten approach like 3,5-DNC. However, the inhibition types of polyphenolic extracts were 
found as mixed type inhibitors according to the Michaelis plots their Ki values were determined. 
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INTRODUCTION 

 Plants have been used as medicine against certain 
diseases for the human being. In the last century, the use of 
natural sources as medicine has expanded and there is a 
growing interest in obtaining biologically active compounds 
from natural sources. These compounds are classified as 
phytochemicals. Especially, ones including catecholic 
structures have antioxidant and free radical scavenging 
properties. Based on this knowledge and recent studies, it is 
known that these properties can also gain some 
neuroprotective features to the phytochemicals like catechols 
[1, 2, 3]. In administration of catechols, it is known that they 
are methylated by an enzyme known as Catechol-O-
metyhltranferase (COMT; EC 2.1.1.6) that deactivates the 
biologically active catechols like catecholamine 
neurotransmitters (dopamine, epinephrine), levodopa (L-
DOPA), carbidopa and flavonoids [4, 5].  

 It is known that increment in COMT activity leads to 
Parkinson’s Disease [6]. In current therapies for Parkinson’s 
disease, selective COMT inhibitors, mainly synthetic 
nitrocatechol compounds (entacapone, tolcapone), are used in 
combination with L-DOPA and dopa decarboxylase inhibitors, 
although there are several well known adverse side effects of 
these drugs [4, 5]. Therefore, researchers have focused on the 
potency of natural products having ability of inhibiting 
COMT. Among several natural sources, tea catechins have 
been mostly investigated compounds by several research 
groups and found that flavonoids in C. sinensis have great 
inhibitory potency against COMT [7, 4, 3]. In this study, the 
natural compounds extracted from the leaves of P. terebinthus, 
S. spinosum, P. lentiscus, H. empetrifolium and from the seeds 
of P. harmala were used as natural inhibitors of COMT in 
order to investigate the inactivation performance of 
methylation of aesculetin to scopoletin.  

MATERIALS AND METHODS 

 Preparation of Raw Plant Materials and Extraction 
Procedure 

 The leaves of P. terebinthus, S. spinosum, P. lentiscus 
and H. empetrifolium were washed, dried and ground. The 
leaves of these two plants were extracted with 70 % aqueous 
ethanol solution at 30 °C for 2 hours. After evaporation of 
alcohol by using a rotary evaporator, the aqueous crude 
extracts were dried by using lyophilizator. The seeds of P. 
harmala were ground. The grounded seeds were extracted 
with methanol by using a Soxhlet apparatus at 70 °C for 8 
hours. Then, methanol was evaporated to dryness. Dried 
particles were dissolved with 5% HCl solution and it was 
extracted two times with 30 ml petroleum ether, the acidic 
part was collected and basified to pH 9.0 with NH4OH which 
was further extracted with 50 ml chloroform for four times. 
Finally, chloroform layer was collected and evaporated to 
dryness.  

 Determination of Enzyme Activity and Inhibition Study 

 Enzymatic assays were performed according to the 
method reported by J. Veser’s and M. Kurkela et al’s studies 
applying minor differences [8, 9]. The followed reaction 
which was catalyzed by COMT was conversion of aesculetin 
to scopoletin at 37°C. Aesculetin was dissolved in dimethyl 
sulfoxide (DMSO) and diluted with aqueous buffer solution 
containing 100 mM phosphate, 5 mM MgCl2, 20 mM L-
cysteine (pH 7.4), for a final DMSO concentration of 2% in 
the 200 µl of reaction mixture. All other reagents were 
dissolved in the same buffer solution. Fluorometric 
measurements were performed at 355 nm emission and 460 
nm excitation wavelenghts for 2 hours by using Microfluor 
white, 96 well plate. Enzyme and aesculetin concentrations 
were kept constant at 11.0 µg/ml and 4 µM, respectively while 
five different SAM concentrations varied from 10 µM to 300 
µM. 3,5-DNC and the crude extracts obtained from plant 
species were dissolved in DMSO and diluted with the buffer 
solution for a final DMSO concentration of 4%. Final 
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concentrations of them were 100 µg/ml, 50 µg/ml ve 20 µg/ml 
in 250 µl. 

 Curve Fitting and Data Analysis 

 In data analysis, GraphPad Prism 5.0 software was 
used. One-way of ANOVA following with Tukey’s test was 
applied for all assay data. Linear regression and nonlinear 
regressions were used to obtain the best fitted double-
reciprocal plots and michaelis plots. 

RESULTS AND DISCUSSIONS 

 In inhibition study, SAM was prepared in between 10 
– 300 µM range, while enzyme and aesculetin concentrations 
were taken constant at 11.0 µg/ml and 4 µM in 250 µl total 
reaction volume, respectively. Final inhibitor concentrations 
were 100 µg/ml, 50 µg/ml ve 20 µg/ml. A representative 
percentage values of COMT inhibition obtained for the assay 
performed at 100 µM SAM concentration were given on 
Figure 1. Inhibition performance of alkaloids were found as 
comparable to that of obtained for positive control, 3,5-DNC. 
On Figure 1, it was also revealed that among polyphenolic 
extracts, P. terebinthus and P. lentiscus leaf extracts showed 
higher inhibition than that of S. spinosum and H. 
empetrifolium. As a result, alkaloids were found to be more 
potent COMT inhibitors than the polyphenolics and it was 
thought that nitro groups content of them plays important 
role in COMT inhibition.  
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Figure 1. Inhibition percentages of crude extracts with 
respect to 3,5-DNC. (SAM concentration was 100 µM) 

 Kinetic Analysis for Inhibition Study 

 The inhibition mechanisms and also inhibition 
constants for crude extracts obtained from plants could be 
determined by kinetically analyzing data. A sudden and 
sharp decrease of formation rate of scopoletin, V (nmol/min. 
mg protein) was observed in presence of the positive control 
and alkaloid extract, expectedly. Because, almost all 
nitrocatechols are known as tight binding inhibitors of 
COMT and also they behave uncompetitively with respect to 
SAM [5]. It was thought that the structural similarities 
between the alkaloids and 3,5-DNC were very effective in 
achieving strong inhibitory activity. The kinetic data given 
on Figure 2 and Figure 3 was obtained by nonlinear fitting of 
data by using GraphPad software as uncompetitive 
inhibition. From this plot, the tight binding and 
uncompetitive nature of 3,5-DNC and alkaloid extracts were 
observed, however, under these concentration range of 
inhibitors, IC50 values and other kinetic parameters could not 

be identified but results revealed that the 50 % inhibitory 
concentrations should be much lower than 20 µg/ml [5]. 

 The kinetic analysis results applied on data obtained 
for polyphenolic extracts showed different inhibition manner 
from that of obtained for 3,5-DNC and P. harmala alkaloids. 
In these cases, it was found that there is a inversely linear 
relationship between the formation rates of scopoletin and 
inhibitor concentrations. Rate obtained in presence of P. 
terebinthus leaf extract of which the michaelis plot was given 
on Figure 4A, was fitted nonlinearly by using GraphPad 
software in which regression equation was for mixed type 
inhibition model as given on Figure 4B. 

 
Figure 2. Plot of formation rate against various SAM 
concentrations in presence of 3 different 3,5-DNC 
concentrations (P < 0.01, means of inhibited ones are 
significantly different from control) 

 
Figure 3. Plot of formation rate against various SAM 
concentrations in presence of 3 different concentrations of 
crude alkaloid extracts obtained from P. harmala seed (P < 
0.01, means of inhibited ones are significantly different from 
control) 

 The kinetic parameters for this plant extract were 
calculated from the software and Ki value was found as 13.1 
± 4.7 µg/ml. The apparent Km was calculated as 3.5 ± 1.0 µM 
with respect to SAM that indicates inhibition takes place 
noncompetitively with respect to SAM and competitively 
with respect to catecholic substrate, Aesculetin. It was found 
also reasonable that there can be a competition between the 
catecholic compounds with aesculetin due to phenolic and 
flavonoid content of P. terebinthus leaf extract like 
apigenine, luteoline, luteoline 7-O-glucoside and quercetin 
which were the examples of first generation COMT 
inhibitors [10]. 

 The kinetic analysis of data obtained in presence of S. 
spinosum leaf extract revealed that this plant specie inhibited 
COMT as mixed type manner shown on Figure 5B. Also, 
from the nonlinear fitting of data given on Figure 5A, the 
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inhibition constant, Ki was found the highest among other 
polyphenolic extract having value of 103.5 ± 11.3 µg/ml. It 
was found that these β – carotene rich plant specie was not 
very effective for COMT inhibition as Pistacia species [11]. 

 The observations obtained for the crude extracts of P. 
lentiscus leaves were found very similar to that of other 
Pistacia specie, P. terebinthus as expected. On Figure 6A 
and 6B, the kinetic analysis results were given for the 
extracts of P. lentiscus leaves. 

 

 
Figure 4. A) Plot of formation rate B) Lineweaver-Burke 
Plot (Double reciprocal plot) of formation rate against 
various SAM concentrations in presence of 3 different 
concentrations of crude extracts obtained from P. terebinthus 
leaves (Means obtained for different inhibitor concentrations 
are significantly different from each other and from control, 
(P<0.01)) 

 

 
Figure 5. A) Plot of formation rate B) Lineweaver-Burke 
Plot (Double reciprocal plot) of formation rate against 
various SAM concentrations in presence of 3 different 
concentrations of crude extracts obtained from S. spinosum 
leaves (Means obtained for different inhibitor concentrations 
are significantly different from each other and from control, 
(P<0.01)) 

 The nonlinearly fitted data (Figure 6A) obtained in 
presence of P. lentiscus leaf extract showed that the highest 
inhibitory effect on COMT activity with 12,7 ± 3,1 µg/ml of 
Ki value. It was thought that the same extracted compounds 
or analogs of them which are known as gallic acid 
derivatives, flavonol glycosides and anthocyanins existed in 
both Pistacia species were effective on the inhibition of 
COMT activity [12, 10]. However, their performances were 
found less than alkaloids of P. harmala seed. Additionally, 
the inhibition mechanism for the P. lentiscus leaf extract was 
determined as again mixed type model according to the 
Figure 6B. 

 

 
Figure 6. A) Plot of formation rate B) Lineweaver-Burke 
Plot (Double reciprocal plot) of formation rate against 
various SAM concentrations in presence of 3 different 
concentrations of crude extracts obtained from P. lentiscus 
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leaves (Means obtained for different inhibitor concentrations 
are significantly different from each other and from control, 
(P<0.01)) 

 Similar calculations were also applied for the data 
obtained in presence of H. empetrifolium leaf extract and the 
same inhibition mechanism was observed with that of all 
polyphenolic extracts. On Figure 7A and 7B, the kinetic 
results were given and it was obvious that H. empetrifolium 
leaf extracts inhibited COMT in mixed type manner which 
means inhibition takes place noncompetitively with respect 
to SAM and competitively with respect to aesculetin. The Ki 
for this plant extract was determined as 41,8 ± 2,4 µg/ml 
which revealed that the inhibition performance of H. 
empetrifolium leaf extracts were higher than S. spinosum 
however, it was less than the other two Pistacia species. 

CONCLUSION 

 The alkaloid extracts obtained from P. harmala seed 
were found as the most potent inhibitors and obviously, they 
showed the strongest inhibitory activity against COMT, but 
under these experimental conditions, IC50 values of them 
could not be determined but predictively, they should be in 
nanomolar range. Also, the inhibition type was determined as 
tight binding uncompetitive manner for the alkaloid extract 
as it was for 3,5-DNC.  

 

 
Figure 7. A) Plot of formation rate B) Lineweaver-Burke 
Plot (Double reciprocal plot) of formation rate against 
various SAM concentrations in presence of 3 different 
concentrations of crude extracts obtained from H. 
empetrifolium leaves (Means obtained for different inhibitor 
concentrations are significantly different from each other 
and from control, (P<0.01)) 

 On the other hand, the polyphenolic extracts of all 
other plant species, P. terebinthus, S. spinosum, P. lentiscus, 
H. empetrifolium leaves, were found as less effective 
COMT inhibitors than alkaloids. Among these 
polyphenolics, the extract of P. terebinthus and P. lentiscus 
showed greater inhibitory effect than that of H. 
empetrifolium. The least inhibitory effect was obtained in 
presence of S. spinosum leaf extract. In addition to that, all 
of the polyphenolic extracts inhibited COMT in mixed type 
inhibition manner which means inhibition takes place 
noncompetitively with respect to SAM and competitively 
with respect to catecholic substrate, aesculetin. Ki values of 
P. terebinthus, S. spinosum, P. lentiscus, H. empetrifolium 
leaves were determined as 13.1 ± 4.7 µg/ml, 103.5 ± 11.3 
µg/ml, 12.7 ± 3.1 µg/ml and 41.8 ± 2.4 µg/ml, respectively. 

 As a result of this study, it was observed that the 
second metabolites obtained from plants can be an alternative 
source of medicine in treatment of Parkinson’s disease. 
Mainly, alkaloids from P. harmala and phenolics from 
Pistacia species were found to be worth to perform their 
further in vivo studies in order to investigate their 
pharmacotoxicological properties.  
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