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Abstract 
Background: The aim of this study was to determine phenolic acid composi-
tion and anti-parasitic effects of Peucedanum caucasicum, P. palimbioides, P. longibracteo-
latum and P. chryseum on Entamoeba histolytica.  

Methods: Methanol extracts of the plant species were prepared by soxhlet ex-
traction. Phenolic acid compositions were determined by HPLC. Anti-prolifera-
tive effect of extracts on trophozoites was determined by using trypan blue dye 
exclusion test. For counting the cells, approximately a hundred of E. histolytica 
trophozoites were examined in each time. The data were presented as mean val-
ues with standard deviations and analyzed by repeated measures of ANOVA fol-
lowed by Tukey test for post-hoc pairwise comparisons. The P-value was set at 
0.05 for significance level. 

Results: All of the extracts showed a time and dose dependent amoebicidal ac-

tion on trophozoites. Among the extracts tested, P. longibracteolatum showed the 
strongest amoebicidal effect on the trophozoites. As expected, this plant species 
also exhibited time and dose dependent activity on the trophozoites. At 4.0 
mg/ml extract concentration, all of the trophozoites were killed by the extract in 
72nd hour. Gallic (11.144 mg/g), P-hydroxybenzoic (17.646 mg/g), and o-couma-
ric acids (14.442 mg/g) were determined as the major phenolic acids of P. longi-
bracteolatum. Gallic and P-hydroxybenzoic acids found in P. longibracteolatum could 
not be determined in other extracts. Therefore, high activity potential of this 
plant could probably be attributed to the presence of these phytochemicals. 

Conclusion: P. longibracteolatum can be further evaluated as potential therapeutic 
drugs for the treatment of Entamoeba infections. 
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Introduction 
 

eath from protozoan parasite, Enta-
moeba histolytica, is still one of the 
important health problems in de-

veloping countries that also known as third 
world countries. Among these deaths, amoe-
biasis takes the second place (1). It affects 
more than 10% of the world’s population. Un-
treated infections may cause to severe compli-
cations such as hepatic amoebiasis and intesti-
nal tissue destruction (2). Amoebiasis is re-
sponsible for approximately 110,000 deaths 
worldwide annually. The main reason for 
about 50 million clinical cases each year is esti-
mated as amoebiasis (3, 4). 

E. histolytica/dispar is responsible for an esti-
mated 35 to 50 million cases of disease and 
approximately 100 000 deaths annually (5). In 
general, most of morbidity and mortality are 
seen in Asia, Central and South America and 
Africa.  

 The most prevalence of amoebiasis was 
seen in 10-35 yr age groups globally. Children 
suffer from malnourishment and stunting as 
the result of infections occurs repeatedly (6). 
Infection resistance is directly related with the 
production of interferon-g and mucosal IgA 
produced by peripheral blood mononuclear 
cells. These agents are directed to the parasite 
surface lectin (7). Studies are underway to de-
velop an effective vaccine. For treatment of 
invasive amoebiasis, limited numbers of 
agents mainly nitroimidazoles such as metro-
nidazole are available today. However, toxic 
side effects can occur because of the treat-
ment of infection with these drugs. Addition-
ally, there is a need for additional drugs in 40–
60% of patients to cure infection (8). 

The prevalence of infection is known as due 
to the location and climate of the region 
where people live. However, it is closely re-
lated to sanitation and socioeconomic status 
of people rather than these factors. Poor life-
style, environmental conditions of the tropics, 
and the non-availability of guaranteed conven-

tional medical cure are among the complex 
etiological factors (9). 

The genus Peucedanum L. (Apiaceae) is main-
ly distributed in Europe and Asia. It comprises 
about 100-120 species (10). Peucedanum species 
in Turkish flora are represented by 18 taxa 
(with 19 species, 2 of which are suspected). 
Among these species, seven are endemic to 
Turkey with an endemism rate of 28.5% (11-
16). Peucedanum species are known as “kral 
out” in Turkey and they are under inves-
tigation due to their substantial amounts of 
chemically active phytochemicals, such as 
coumarins and their glycoside derivatives (10, 
17, 18). Some members of this genus (P. dissolu-
tum and P. praeruptorum) are used in traditional 
Chinese medicine (Qianhu) to cure ailments 
such as coughs, phlegm, and other respiratory 
illnesses (18, 19). Additionally, essential oil 
compositions, antimicrobial and antiprolifera-
tive activities of the some members of this ge-
nus have been investigated (18-20).  

Plant extracts can be thought as an alterna-
tive was to the classical chemical and/or syn-
thetic methods for the treatment of parasitic 
infections. In this context, amoebicidal activi-
ties of some plant species have previously 
been reported by our research team (21-31). 
Drugs of natural origin have already been used 
to treat other parasitic diseases (32-35).  

The aim of this study was to determine in 
vitro susceptibility of P. caucasicum, P. palimbi-
oides, P. longibracteolatum and P. chryseum for the 
treatment of gastrointestinal disorders. Addi-
tionally, determination of the phenolic acid 
composition of the samples was also aimed to 
have an idea about the relative contribution of 
these phytochemicals on anti-parasitic action. 
According to our literature survey, anti-
parasitic activities of these plants have not 
previously been reported. Therefore, this 
study could be assumed as the first report on 
this topic. 

 

D 
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Materials and Methods 
 

Preparation of the methanol extracts  
The air-dried and finely ground samples 

were extracted by using a method described 
elsewhere (36). Briefly, the sample, weighing 
about 100 g, was extracted in a Soxhlet appa-
ratus with methanol (MeOH) at 60 ºC for 6 h. 
Due to the aqueous characteristics of the ex-
perimental media; mainly the water-soluble 
parts of the extracts could be used only. For 
obtaining the aqueous sub-fraction of the ex-
tracts, it was further fractionated with chloro-
form and distilled water. Finally, the extracts 
were then lyophilized and kept in the dark at 
+4 ºC until tested. Extract yields of the polar 
sub-fractions of the rhizome and aerial part 
samples were determined as 2.24%, 3.12%, 
3.56%, and 3.40% w/w, respectively.  
 

HPLC analysis 
The analysis of phenolic acids was employed 

according to the method described by Ozturk 
et al. (37) with a slight modification using an 
Agilent HPLC series 1200 (Agilent, Wald-
bronn, Germany). The separation of gallic 
(GA), protocathechuic (protoCA), P-hydroxy 
benzoic (P-hydBA), vanillic (VA), caffeic 
(CA), chlorogenic (ChA), syringic (SA), P-
coumaric (P-COU), ferulic (FA), o-coumaric 
(o-COU), rosmarinic (RMA) and trans-cin-
namic (tr-CIN) acids was performed on an 
Agilent Zorbax Eclipse XDB-C18 column 
(150 mm, 4.6 mm i.d., 5 µm particle size). The 
chromatographic conditions were: flow rate 1 
mL / min, sample injection volume of 5 µL, 
operation temperature of 23 °C, UV detection 
at 280 nm and mobile phase A (metha-
nol:water:formic acid (10:88:2, v/v)) and B 
(methanol: water:formic acid (90:8:2, (v/v)). A 
gradient program was used as follows: 100% 
A; 0 - 20 min, changed to 80% A; 25 - 50 min, 
to 50% A; 50 - 54 min, followed by isocratic 
elations of 50% A; 54 - 64 min, 0% A; and 64 
- 70 min, 100% A. The results were evaluated 
with regard to the areas of the peaks and their 
retention times. Quantitation was based on 

calibration curves built for each of the com-
pounds identified in the samples. 
 

Trophozoites 
E. histolytica strain was kindly provided by Dr. 

Graham Clark who is working in London 
School of Hygiene & Tropical Medicine and 
he is a specialist on amoebiasis. It was a path-
ogenic strain isolated from a Bangladeshi child 
with acute amoebic dysentery. Trophozoite 
forms of parasite were cultured monoxenically 
in the Robinson medium at 35.5 C° (37). Agar 
slants were prepared in screw-cap glass bijou 
bottles, 1.5 ml of phthalate, 1.5 ml of BRS 
medium, 50 μl of erythromycin and 100 μl 
Bacto peptone were mixed in the bottle and 
sterilized rice starch and Escherichia coli R me-
dium are added to the medium before inocula-
tion. Each time 0.5 ml of culture is used for 
inoculation and culture was renewed for a fur-
ther 96 h to maintain the amoeba strain. The 
trophozoites in the log phase of growth were 
harvested by centrifugation at 500g at room 
temperature for 5 min. The pelleted cells were 
resuspended in Phosphate Buffer Saline (PBS), 
the final concentration was adjusted to 10x104 

trophozoites/ml and the trophozoites were 
used in the assay immediately. The number of 
viable trophozoites was determined by trypan 
blue exclusion and direct trophozoite counts 
on a hemocytometer prior to experiment.  
 

Determination the amoebicidal activity of 
plant extracts  

Eppendorf tubes were used in the present 
study. The plant extracts were dissolved and 
diluted in sterile distilled water to serial con-
centrations (2, 4, 8, 16, 32 and 64 mg/ml). To-
tally, 250 µl of the calibrated trophozoite sus-
pension and the same volume of test solution 
were mixed thoroughly via pipetting up and 
down. Then the tubes were kept at 35.5 °C in 
standard bacteriological incubator (Electro-
Mag) for 1, 2, 3, 6, 8, 24, 48 and 72 hours. The 
same procedure was applied to controls con-
taining only trophozoite suspension and sterile 
distilled water. Cell growth was periodically 
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monitored by light microscopy (Nikon, 
Eclipse E 200).  

Trypan Blue Dye Exclusion Test was used to 
determine the effect of extracts on the prolif-
eration of parasite. Following the incubation 
periods at 35.5 °C, 25 μl parasite suspensions 
was simply mixed with the same volume of try-
pan blue (0.5 mg/ml) in counting chamber. 
The mixture was allowed to incubate 2-3 min at 
room temperature and then the unstained (via-
ble) and stained (nonviable) cells were counted 
separately. Approximately a hundred of E. histo-
lytica trophozoites were examined in each time, 
and all the tests were repeated three times.  
 

 Statistical analysis  
The data were presented as mean values with 

standard deviations and analyzed by repeated 
measures of ANOVA followed by Tukey test 
for post-hoc pairwise comparisons. The P-
value was set at 0.05 for significance level. 
 

Results  
 

In vitro amoebicidal activity of the polar ex-
tract of P. caucasicum extract on E. histolytica 
trophozoites is presented in Table 1. O. syri-
acum extract showed the weakest trophozoidal 
activity in this study. At 32.0 mg/ml concen-
tration, within 72nd hour, approximately, 60% 
of the trophozoites were killed by the extract.  

Susceptibility of E. histolytica trophozoites to 
the polar extract of P. palimbioides is also pre-
sented in Table 2. P. palimbioides extract 

showed remarkable trophozoidal activity. At 
16.0 mg/ml concentration, the extract killed 
50% of the trophozoites in 8th hour. At this 
concentration, within the 72nd hour, approxi-
mately 80% of the trophozoites were killed. At 
32.0 mg/ml concentration, number of the via-
ble trophozoites was 10% within 72nd hour.  

One another plant species of which amoe-
bicidal activity investigated was P. longibracteola-
tum (Fig. 1). Polar methanolic extract obtained 
from this plant species was applied to E. histo-
lytica trophozoites (Table 3). This extract 
showed the strongest activity potential on the 
trophozoites. As expected, this plant species 
also exhibited time and dose dependent activity 
on the trophozoites. At 4.0 mg/ml extract con-
centration, all of the trophozoites were killed 
by the extract in 72nd hour. The extract at 8.0 
mg/ml concentration was also killed all of the 
trophozoites in 48th hour. In the case of 16.0 
and 32.0 concentrations, after 8th hour, no via-
ble trophozoites were observed in the media. 

Finally, in vitro amoebicidal activity of the 
polar methanol extract of P. chryseum was in-
vestigated on E. histolytica trophozoites (Table 
4). The extract at 32.0 mg/ml, exhibited great 
activity potential. At 32.0 mg/ml concen-
tration, more than 50% of the trophozoites 
were killed effectively in 24th hour. At the end 
of the experimental process, the number of 
the viable trophozoites was determined as 
15.3% at the same concentration level. 

 
 

Fig. 1: A Entamoeba histolytica trophozoites treated with 4.0 mg/ml P. longibracteolatum extract in 72nd hour  
B Entamoeba histolytica trophozoites treated with 4.0 mg/ml P. longibracteolatum extract in 48th hour 

(Optical microscope magnifications 400X) 



Iran J Parasitol: Vol. 10, No. 3, Jul -Sep 2015, pp.420-431 

424  Available at: http://ijpa.tums.ac.ir  
 

 
Table 1: Effect of P. caucasicum on the proliferation of E. histolytica trophozoites a 

 

Dose (mg/ml) Experimental Period 
(Number of viable trophozoites, %) 

 1. hour 3. hour 6. hour 8. hour 24. hour 48. hour 72. hour 
32.0 77.3 ± 1.5 a 70.7 ± 2.9 b 64.7 ± 2.1 c 62.3 ± 2.1 c 54.3 ± 1.2  d 48.3 ± 2.9  e 38.0 ± 2.0  f 

16.0 87.3 ± 1.2 a 80.7 ± 1.5 b 76.0 ± 2.0 c 68.7 ± 0.6 d 62.7 ± 1.2 e 54.7 ± 1.2 f 47.0 ± 1.7 g 
8.0 89.3 ± 0.6 a 86.3 ± 1.5 b 85.7 ± 2.9 b 83.3 ± 2.5 b 77.3 ± 2.9 c 68.7 ± 0.6 d 57.7 ± 1.5 e 
4.0 90.0 ± 1.0 a 88.7 ± 1.5 a 87.3 ± 1.2 a 85.3 ± 1.2 b 78.0 ± 1.7 c 73.7 ± 2.5 d 64.7 ± 1.2 e 
2.0 92.3 ± 1.5 a 90.7 ± 1.5 a 89.0 ± 1.0 b 87.0 ± 1.0 b 82.0 ± 1.7 c 76.7 ± 0.6 d 73.7 ± 0.6 e 
1.0 92.7 ± 1.2 a 91.3 ± 2.1 a 90.0 ± 1.0 a 88.3 ± 0.6 b 83.3 ± 0.6 c 78.7 ± 1.2 d 75.0 ± 1.7 d 
Control 93.7 ± 1.2 a 92.3 ± 2.1 b 91.7 ± 1.5 b 91.0 ± 1.0 b 89.7 ± 1.5 c 87.3 ± 0.6 d 85.0 ± 2.0 d 
a Date were expressed as mean ± SD. 
  Each row was evaluated individually from the statistical point of view. 

 
 

Table 2: Effect of P. palimbioides on the proliferation of E. histolytica trophozoites a 

 

Dose (mg/ml) Experimental Period 
(Number of viable trophozoites, %) 

 1. hour 3. hour 6. hour 8. hour 24. hour 48. hour 72. hour 
32.0 80.7 ± 1.2 a 73.7 ± 1.5 b 57.3 ± 2.5 c 47.7 ± 2.5 d 38.3 ± 3.2 e 17.7 ± 2.5  f 10.0 ± 1.7  g 
16.0 85.0 ± 1.7 a 76.3 ± 1.5 b 65.3 ± 1.2 c 48.7 ± 2.3 d 44.7 ± 3.5 e 24.3 ± 1.5 f 20.7 ± 1.2  g 
8.0 87.3 ± 2.1 a 78.3 ± 2.9 b 67.7 ± 2.5 c 55.7 ± 3.1 d 50.0 ± 3.6 e 33.3 ± 1.5 f 28.3 ± 1.5 g 
4.0 88.0 ± 2.0 a 80.7 ± 1.2 b 72.7 ± 1.2 c 58.0 ± 2.6 d 51.3 ± 1.5 e 41.3 ± 1.2 f 36.0 ± 1.7 g 
2.0 90.0 ± 0 a 82.3 ± 2.5 b 75.0 ± 2.0 c 67.3 ± 3.1 d 64.7 ± 1.5 d 60.7 ± 1.2 e 54.3 ± 2.1 f 
1.0 92.3 ± 0.6 a 87.7 ± 2.1 b 81.7 ± 1.5 c 75.3 ± 0.6 d 73.3 ± 2.1 d 69.0 ± 2.6 e 63.3 ± 1.5 f 
Control 96.0 ± 1.7 a 95.7 ± 2.1 a 93.3 ± 2.1 a 92.3 ± 0.6 b 91.7 ± 1.5 b 89.7 ± 0.6 c 89.0 ± 1.7 c 
a Date were expressed as mean ± SD. 
  Each row was evaluated individually from the statistical point of view 
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Table 3: Effect of P. longibracteolatum on the proliferation of E. histolytica trophozoites a 

 

Dose (mg/ml) Experimental Period 
(Number of viable trophozoites, %) 

 1. hour 3. hour 6. hour 8. hour 24. hour 48. hour 72. hour 
32.0 73.0 ± 2.6 a 55.7 ± 3.2 b 26.3 ± 1.2 c 13.3 ± 2.5 d 0 e 0 e 0 e 

16.0 74.3 ± 2.1 a 64.7 ± 1.5 b 50.7 ± 1.2 c 27.7 ± 2.3 d 0 e 0 e 0 e 
8.0 79.0 ± 1.0 a 72.3 ± 3.2 b 60.3 ± 0.6 c 48.3 ± 1.5 d 24.7 ± 1.5 e 0 f 0 f 
4.0 87.0 ± 1.7 a 77.3 ± 2.5 b 71.3 ± 1.5 c 61.0 ± 1.7 d 44.3 ± 1.2 e 28.0 ± 2.0 f 0 g 
2.0 89.7 ± 1.5 a 84.7 ± 0.6 b 77.3 ± 0.6 c 73.3 ± 1.2 d 71.3 ± 1.5 d 63.0 ± 2.6 e 51.3 ± 2.5 f 
1.0 91.0 ± 1.7 a 88.7 ± 2.3 b 87.3 ± 2.3 b 83.3 ± 1.5 c 79.0 ± 2.6 d 70.0 ± 2.0 e 65.7 ± 1.2 f 
Control 92.7 ± 1.2 a 92.3 ± 2.1 a 92.0 ± 2.0 a 90.3 ± 0.6 b 89.7 ± 0.6 b 89.3 ± 1.5 b 88.7 ± 1.2 c 
a Date were expressed as mean ± SD.  
Each row was evaluated individually from the statistical point of view 

 
 

Table 4: Effect of P. chryseum on the proliferation of E. histolytica trophozoites a 

 

Dose (mg/ml) Experimental Period 
(Number of viable trophozoites, %) 

 1. hour 3. hour 6. hour 8. hour 24. hour 48. hour 72. hour 
32.0 82.3 ± 0.6 a 76.3 ± 1.2 b 61.7 ± 2.9 c 53.0 ± 2.6 d 42.7 ± 2.5 e 23.0 ± 1.7 f 15.3 ± 1.5 g 
16.0 85.3 ± 1.5 a 79.7 ± 1.5 b 72.7 ± 1.5 c 66.3 ± 2.1 d 54.7 ± 2.9 e 45.3 ± 1.5 f 31.3 ± 1.2 g 

8.0 91.3 ± 1.2 a 84.0 ± 2.6 b 78.7 ± 2.3 c 74.3 ± 2.5 d 67.0 ± 2.0 e 56.0 ± 2.6 f 46.3 ± 1.2 g 
4.0 92.0 ± 2.0 a 90.7 ± 1.0 a 85.7 ± 2.5 b 82.3 ± 1.5 b 75.7 ± 1.2 c 59.7 ± 2.5 d 59.3 ± 2.5 d 
2.0 92.3 ± 2.5 a 91.0 ± 1.7 a 88.0 ± 2.0 b 82.7 ± 2.1 c 79.0 ± 1.0 d 72.7 ± 2.5 e 67.3 ± 1.5 f 
1.0 93.0 ± 1.0 a 92.3 ± 2.1 a 90.0 ± 2.6 a 86.3 ± 2.1 b 83.0 ± 1.0 c 80.0 ± 1.7 d 77.7 ± 2.1 e 

Control 96.3 ± 1.2 a 92.7 ± 0.6 b 92.3 ± 0.6 b 91.7 ± 1.5 b 90.7 ± 1.2 c 90.0 ± 1.0 c 89.0 ± 1.7 c 
a Date were expressed as mean ± SD. 
  Each row was evaluated individually from the statistical point of view 
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For making a better comparison between 
the results presented in Tables 1-4, data ob-
tained from the 32.0 mg/ml concentration 
was also presented in Fig. 2. 

By this study, we also reported the strongest 
amoebicidal effect of P. longibracteolatum on the 
trophozoites and cysts. From the twenty-
fourth hour, no viable trophozoites or cysts 

were determined at 32 mg/ml of extract con-
centration. Similar results were also obtained 
with the extract at 16.0 mg/ml concentration. 
At this concentration, number of viable cysts 
was determined as 10.6 from the twenty-fourth 
hour of experimental process. At 8.0 mg/ml 
extract concentration, 51% of the cysts were 
killed by the extract in 72nd hour. 

 

 
 
Fig. 2: Effect of Peucedanum species on the proliferation of E. histolytica trophozoites at 32.0 mg/ml concentration (figure 
shows the number of viable trophozoites) 

 
Apart from the anti-parasitic activities, plant 

species evaluated here are also screened for 
their phenolic acid compositions. By this way, 
we tried to have an idea about the relative 
contribution of these phytochemicals in anti-
parasitic potential of extracts. For this purpose, 
twelve different phenolic acids including; gallic 
acid, protocatechuic acid, P-hydroxybenzoic 
acid, vanillic acid, caffeic acid, chlorogenic ac-
id, syringic acid, P-coumaric acid, ferulic acid, 
rosmarinic acid, o-coumaric acid, trans-
cinnamic acid were screened within the ex-
tracts. Peaks of standard phenolic acids used 
are given as a chromatogram in Fig. 3. HPLC 
chromatograms of the plant species showing 
phenolic acid compositions are presented as 
Fig. 4-7. 

Vanillic, chlorogenic, rosmarinic, gallic, P-
hydroxybenzoic, and o-coumaric acids were 
determined within the extracts. The most 

common phenolic acid was determined as va-
nillic acid that found in P. caucasicum, P. palimbi-
oides, and P. chryseum. As seen from Table 3, P. 
longibracteolatum showed the highest anti-
parasitic activity against E. histolytica tropho-
zoites. According to HPLC analysis of this 
sample, gallic (11.144 mg/g), P-hydroxyben-
zoic (17.646 mg/g), and o-coumaric acids 
(14.442 mg/g) were determined as the major 
phenolic acids (Fig. 6). Plant containing the 
maximum number of phenolic acids was P. 
chryseum of which main compounds were de-
termined as gallic (1.347 mg/g), vanillic (3.014 
mg/g), o-coumaric (8.420 mg/g), and rosma-
rinic acids (4.642 mg/g) (Fig. 7). As can be 
seen from Table 2, anti-parasitic activity of P. 
longibracteolatum was followed by P. palimbioides. 
According to chromatographic analyses, a 
similar phenolic acid profile was observed for 
this plant (Fig. 5).  
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Fig. 3: HPLC chromatogram of the standard phenolic acids used in the study 
(The name of peaks corresponding to the numbers; 1: gallic acid, 2: protocatechuic acid, 3: P-hydroxybenzoic acid, 4: 
vanillic acid, 5: caffeic acid, 6: chlorogenic acid, 7: syringic acid, 8: P-coumaric acid, 9: ferulic acid, 10: rosmarinic acid, 11: 
o-coumaric acid, 12: trans-cinnamic acid, IS: Internal standard) 

 

 
 

Fig. 4: HPLC chromatogram showing phenolic acids available in P. caucasicum 
A (1: vanillic acid (7.167 mg/g), Rt (minute): 14.974, Source of confirmation: UV, commercial standard; 2: chlorogenic 
acid (4.885 mg/g), Rt (minute): 16.011, Source of confirmation: UV, commercial standard; IS: Internal Standard, Rt (mi-
nute): 53.163) 
 

 
 

Fig. 5: HPLC chromatogram showing phenolic acids available in P. palimbioides 
A (1: vanillic acid (14.640 mg/g), Rt (minute): 13.577, Source of confirmation: UV, commercial standard; 2: chlorogenic 
acid (29.215 mg/g), Rt (minute): 16.097, Source of confirmation: UV, commercial standard; 3: rosmarinic acid (6.577 
mg/g), Rt (minute): 42.990, Source of confirmation: UV, commercial standard; IS: Internal Standard, Rt (minute): 
53.649)  
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The main phenolic acids of this plant were 
determined as vanillic (14.640 mg/g), chloro-
genic (29.215 mg/g), and rosmarinic acids 
(6.577 mg/g). Phenolic composition of P. cau-
casicum was also determined chromatograph-

ically (Fig. 4). Vanillic (7.167 mg/g) and 
chlorogenic acids (4.885 mg/g) were found as 
the major phenolic acids among the standards 
screened. 

 

 
 
Fig. 6: HPLC chromatogram showing phenolic acids available in P. longibracteolatum 
A (1: gallic acid (11.144 mg/g), Rt (minute): 3.577, Source of confirmation: UV, commercial standard; 2: p-hydroxyben-
zoic acid (17.646 mg/g), Rt (minute): 11.399, Source of confirmation: UV, commercial standard; 3: o-coumaric acid 
(14.442 mg/g), Rt (minute): 35.481, Source of confirmation: UV, commercial standard; IS: Internal Standard, Rt (mi-
nute): 53.830) 
 

 
 
Fig. 7: HPLC chromatogram showing phenolic acids available in P. chryseum 
A (1: gallic acid (1.347 mg/g), Rt (minute): 3.634, Source of confirmation: UV, commercial standard; 2: vanillic acid 
(3.014 mg/g), Rt (minute): 13.521, Source of confirmation: UV, commercial standard; 3: o-coumaric acid (8.420 mg/g), 
Rt (minute): 35.974, Source of confirmation: UV, commercial standard; 4: rosmarinic acid (4.642 mg/g), Rt (minute): 
42.359, Source of confirmation: UV, commercial standard; IS: Internal Standard, Rt 
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Discussion 
 

Enteric protozoan infections are among the 
important causes of morbidity and mortality. 
They are still known as the serious health 
problems in developing countries. Abdominal 
pain and tenderness, diarrhea, and bloody 
stools are among the most common symp-
toms frequently observed in patients having 
an Entamoeba infection. By the treatment am-
oebiasis, eliminating clinical symptoms and 
destroying amoeba in its cyst or trophozoite 
forms are aimed. Amoebicides are frequently 
administered to the patients orally, intramus-
cularly and intravenously. Currently, in the 
treatment of amoebic infections such as dys-
entery and liver abscesses, just a few amoe-
bicides can be used due to their narrow thera-
peutic uses and undesirable side effects on 
patients. In dysentery, metronidazole is the 
main drug of choice. It is known as a highly 
effective agent against Entamoeba. However, 
this drug has mutagenic effects in bacteria and 
is carcinogenic in some animals. On the other 
hand, headache, dry mouth, a metallic taste, 
and neurotoxicity and gastrointestinal disturb-
ances, especially nausea is among the most 
common side effects of metronidazole. In 
some patients, vomiting and diarrhoea or con-
stipation may also occur (38, 39). E. histolytica 
can show multidrug resistance during the 
treatment (40). Metronidazole resistance was 
induced experimentally in the E. histolytica 
axenic strain HTH-56: MUTM (41). 

Plant extracts possess a wide array of biologi-
cal activities that can be easily used for the bet-
terment of human beings. Many plants, used in 
traditional medicine, proved to be of immense 
importance and gave significant results in hav-
ing antiamoebic activities. A detailed study of 
plants with antiamoebic properties should be 
done based on the ethnobotanical leads availa-
ble. However, these findings can only be of 
practical use when they would undergo strin-
gent clinical trials (42).  

Plant species presented here were also inves-
tigated on Acanthamoeba castellanii trophozoites 

and cysts by our research team (25). Our re-
search group is currently focused on the anti-
parasitic effects of plant species growing wild in 
Turkey. Within this project amoebicidal effect 
of several plant species were identified (22-31).  

Among the extracts tested, P. longibracteolatum 
showed the strongest amoebicidal effect on 
the trophozoites (Fig. 1).. As expected, this 
plant species also exhibited time and dose de-
pendent activity on the trophozoites. At 4.0 
mg/ml extract concentration, all of the troph-
ozoites were killed by the extract in 72nd hour. 
The extract at 8.0 mg/ml concentration was 
also killed all of the trophozoites in 48th hour.  

Materials extracted with methanol were fur-
ther fractionated with chloroform and water 
to obtain polar and non-polar phytochemicals 
separately. In experimental process presented 
here, it is necessary using the polar compo-
nents to determine their amoebicidal activities 
due to the polarity of media that requires the 
using polar substances. Polar compounds can 
enter chemical reactions easier than those of 
non-polar ones within the cells can. By this 
way, they can show desired activity potential 
more effectively.  

In general, we could not establish a direct re-
lationship between phenolic acid composition 
and anti-parasitic activity potential of plants. 
However, as can be seen from the chro-
matograms, gallic and P-hydroxybenzoic acids 
mainly found in P. longibracteolatum extract 
could not be determined in other extracts. 
Therefore, high activity potential of this plant 
could probably be attributed to the presence 
of these phytochemicals. However, in order to 
have a clearer judgment on this topic, anti-
parasitic activities of individual phenolic acid 
components should also be evaluated. 

 

Conclusion 
 

P. longibracteolatum showed strongest activity 
potential on the proliferation of E. histolytica 
trophozoites. This activity was followed by P. 
palimbioides, P. chryseum, and P. caucasicum, re-
spectively. These results suggest that P. longi-
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bracteolatum can be further evaluated as poten-
tial therapeutic drugs for the treatment of En-
tamoeba infections.  

 

Acknowledgment 
 

This study was financially supported by the 
Research Council of Cumhuriyet University 
(CUBAP), Sivas, TURKEY with the project 
number of F-346.  The authors declare that 
they have no conflicts of interest. 
 

References 
  
1. Stanley SL. Amoebiasis. Lancet. 2003; 361 

(9362): 1025–34. 
2. Marion S, Guillén N. Genomic and proteomic 

approaches highlight phagocytosis of living and 
apoptotic human cells by the parasite Entamoeba 
histolytica, Int J Parasitol. 2006; 36(2): 131–9. 

3. Ackers JP, Mirelman D. Progress in research 
on Entamoeba histolytica pathogenesis. Curr Opin 
Microbiol. 2006; 9(4): 367–73. 

4. Stanley SL. Pathophysiology of amoebiasis. 
Trends Parasitol. 2001; 17(6): 280–5. 

5. WHO, WHO/PAHO/UNESCO report. A 
consultation with experts on amoebiasis, Mex-
ico City, Mexico; 1997.p.28–9.  

6. Mondal D, Petri WA, Sack RB, Kirkpatrick 
BD. Haque R. Entamoeba histolytica-associated 
diarrheal illness is negatively associated with the 
growth of preschool children: evidence from a 
prospective study. Trans R Soc Trop Med Hyg. 
2006; 100(11): 1032–8. 

7. Petri WA, Haque R, Mann BJ. The bittersweet 
interface of parasite and host: lectin-carbohy-
drate interactions during human invasion by 
the parasite Entamoeba histolytica. Ann Rev Mi-
crobiol. 2002; 56(1): 39–64. 

8. Petri WA. Therapy of intestinal protozoa. 
Trends Parasitol. 2003; 19(11): 523–6. 

9. Stanley SL. Progress towards an amoebiasis 
vaccine. Parasitol Today. 1996; 12(1): 7-14. 

10. Alonso-Paz E, Cerdeiras MP, Fernandez J, 
Ferreira F, Moyna P, Soubes , Vazquez A, 
Veros S, Zunno L. Screening of Uruguan me-
dicinal plants for antimicrobial activity. J Eth-
anopharmacol. 1995; 45(1): 67-70. 

11. Alavi SHR, Yassa N. Shafiee A. A new furano-
coumarin from Peucedanum ruthenicum. Pharm 
Biol. 2008; 46(6): 377-9. 

12. Chamberlain DF. Peucedanum L. In: Davis PH. 
editor. Flora of Turkey and the East Aegean Is-
lands. Edinburgh University Press, 1972.p. 473-
81. 

13. Davis PH, Mill RR, Tan K. Flora of Turkey 
and the East Aegean Islands, Edinburgh Uni-
versity Press. 1988.Volume 10. 

14. Pimenov MG, Leonov MV. The Asian Umbel-
liferae biodiversity database (ASIUM) with par-
ticular reference to South-West Asian taxa. 
Turk J Bot. 2004; 49: 219-23. 

15. Parolly G, Nordt B. Peucedanum isauricum 
(Apiaceae), a striking new species from S Ana-
tolia, with notes on the related P. graminifolium 
and P. spreitzenhoferi. Willdenowia. 2004; 34(2): 
135-44. 

16. Parolly G, Nordt B. A further new Peucedanum 
species (Apiaceae) from the Taurus Mts, Tur-
key. Willdenowia. 2005; 34(1): 97-105. 

17. Akpulat HA, Akalın E. Peucedanum ozhatayiorum 
(Apiaceae), a new species from NE Turkey. 
Ann Bot Fenn. 2010; 47(1): 59-62. 

18. Lu M, Nicoletti M, Battinelli L. Isolation of 
praeruptorins A and B from Peucedanum praerup-
torum Dunn and their general pharmacological 
evaluation in comparison with extracts of the 
drug. Il Farmaco. 2001; 56(5-7): 417-20. 

19. Schillaci D, Venturella F, Venuti F. Antimicro-
bial and antiproliferative activity of Peucedanum 
nebrodense (Guss.) Strohl. J Ethnopharmacol. 
2003; 87(1): 99-101. 

20. Wu XL, Li Y, Kong LY. Two compounds 
from Peucedanum dissolutum. J Asian Nat Prod 
Res. 2004; 6(4): 301-5. 

21. Fraternale D, Giamperi L, Ricci D. Composi-
tion of the essential oil of Peucedanum verticillare. 
Biochem Syst Ecol. 2000; 28(2): 143-7. 

22. Degerli S, Tepe B, Celiksoz A, Malatyali E. In 
vitro amoebicidal activity of Origanum syriacum 
and O. laevigatum on Acanthamoeba castellanii cysts 
and trophozoites. Exp Parasitol. 2012; 
131(1):20-4. 

23. Degerli S, Tepe B, Malatyali E. Amoebicidal 
activity of the rhizomes and aerial parts of Al-
lium sivasicum on Entamoeba histolytica. Parasitol 
Res. 2012; 111(1): 59-64. 

24. Degerli S, Malatyali E, Tepe B. Screening of the 
in vitro amoebicidal activities of Pastinaca armenea 



Degerli & Tepe: Phenolic Acid Composition and Anti-Parasitic Effects of Four Peucedanum Species … 

 

   Available at: http://ijpa.tums.ac.ir  431 

(Fisch. & C.A.Mey.) and Inula oculus-christi (L.) 
on Acanthamoeba castellani cysts and trophozo-
ites. Parasitol Res. 2012; 110(2): 565-70. 

25. Malatyali E, Tepe B, Degerli S. In vitro amoe-
bicidal activities of Satureja cuneifolia and Melissa 
officinalis on Acanthamoeba castellani cysts and 
trophozoites. Parasitol Res. 2012; 110(6): 2175-
80. 

26. Malatyali E, Tepe B, Degerli S, Akpulat HA. In 
vitro amoebicidal activity of four Peucedanum 
species on Acanthamoeba castellani cysts and 
trophozoites. Parasitol Res. 2012; 110(1): 167-
74. 

27. Tepe B, Degerli S, Arslan S, Malatyali E, 
Sarikurkcu C. Determination of Chemical Pro-
file, Antioxidant, DNA Damage Protection 
and Antiamoebic Activities of Teucrium polium 
and Stachys iberica. Fitoterapia. 2011; 82(2): 237-
46. 

28. Tepe B, Malatyali E, Degerli S. In vitro amoe-

bicidal activities of Teucrium polium   and T.   

chamaedrys on Acanthamoeba castellanii trophozoites 
and cysts. Parasitol Res. 2012; 110(5): 1773-8. 

29. Goze I, Dag S, Tepe, Polat Z. In vitro amoe-
bicidal activity of Salvia staminea and S. caespitosa 
on Acanthamoeba castellani and their cytotoxic 
potentials on corneal cells. J Ocular Pharm 
Ther. 2009; 25(3): 293-8. 

30. Akin Polat Z, Tepe B, Vural A. In vitro amoe-
bicidal activity of Thymus sipyleus subsp. sipyleus 
var. sipyleus on Acanthamoeba castellani and its cy-
totoxic potential on corneal cells. Parasitol Res. 
2007; 101(6): 1551-55. 

31. Akin Polat Z, Vural A, Tepe B, Cetin A. In 
vitro amoebicidal activity of four Allium species 
on Acanthamoeba castellani and their cytotoxic 
potentials on corneal cells. Parasitol Res. 2007; 
101(2): 397-402. 

32. Akin Polat Z, Vural A, Ozan F, Tepe B, Ozce-
lik S, Cetin A. In vitro effect of garlic (Allium 
sativum) extract on Acanthamoeba castellani and its 
cytotoxic potential on corneal cells. J Ocular 
Pharm Ther. 2008; 24(1):8-14. 

33. Arrieta J, Reyes B, Calzada F, Cedillo-Rivera R, 
Amoebicidal and giardicidal compounds from 
the leaves of Zanthoxylum liebmannianun. Fitot-
erapia. 2001; 72(3): 295–7. 

34. Kayser O, Kiderlen AF, Croft SL, Natural 
products as antiparasitic drugs. Parasitol Res. 
2003; 90(2): 55–62. 

35. Said Fernández S, Ramos Guerra MC, Marta 
Cárdenas BD, Vargas Villarreal J, Villarreal 
Treviño L. In vitro antiprotozoal activity of the 
leaves of Artemisia ludoviciana. Fitoterapia, 2005; 
76(5): 466–8. 

36. Sokmen A, Jones BM, Erturk M. The in vitro 
antibacterial activity of Turkish plants. J Eth-
nopharmacol. 1999; 67(1): 79–86. 

37. Ozturk N, Tuncel M, Tuncel NB, Determina-
tion of phenolic acids by a modified HPLC: Its 
application to various plant materials. J Liq 
Chromatogr RT. 2007; 30(4): 587–96. 

38. Robinson GL. The laboratory diagnosis of 
human parasitic amoebae. Trans R Soc Trop 
Med Hyg. 1968; 62(2): 285–94. 

39. Swetman SC. Martindale. In: The Complete 
Drug Reference, 33rd ed. Pharmaceutical Press, 
London, 2002; pp. 594. 

40. Kapoor K, Chandra M, Nag D. Evaluation of 
metronidazole toxicity: a prospective study. Int 
J Clin Pharmacol Res. 1999; 19(3): 83–8. 

41. Orozco E, Lopez C, Gomez C, Perez DG, 
Marchat L, Banuelos C, Delgadillo DM. Multi-
drug resistance in the protozoan parasite Enta-
moeba histolytica. Parasitol Int. 2002; 51(4): 353–9. 

42. Samarawickrema NA, Brown DM, Upcroft JA, 
Thammapalerd N, Upcroft P. Involvement of 
superoxide dismutase and pyruvate:ferredoxin 
oxidoreductase in mechanisms of metronida-
zole resistance in Entamoeba histolytica. J Antimi-
crob Chemother. 1997; 40(6): 833–40. 

43. Rani D. Plant extracts with antiamoebic prop-
erties: A theoretical study with reference to En-
tamoeba histolytica. Int J Pharm Tech Res. 2011; 
3(2): 1113-7. 

 


