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Introduction 

 Cystic Echinococcosis (CE) is an important zoonotic 

disease in many parts of the world, the disease is endemic in the 

Levant countries including Jordan.
1
 This disease is caused by infection 

in animals or humans with the larval stage of the genus Echinococcus 

tapeworm.
2
 The life cycle of the parasite involves canines as definitive 

hosts and herbivores as intermediate hosts where the hydatid cyst is 

found. Human acquires hydatidosis by ingesting the eggs of the 

parasite as the herbivores do.
3
 It was found that, dogs are the only 

canids being infected by the adults of Echinococcus granuolosus.
4
 The 

occurrence of cross infection in some occupations such as shepherds 

and farmers is as a result of the close proximity between dogs, sheep 

and humans.
5
 Stray dogs congregate around slaughterhouses, farms, 

and among the local people living in this area. These residents use 

dogs to protect their sheep and livestock from predators such as Canis 

spp. and Hyena spp. The gathering of these carriers in one place 

enables the parasite to achieve its full life cycle and thus causing of 

echinococcosis. The treatment of human echinococcosis faces some 

complications and in such circumstances, intensive surgery is 

considered the best treatment option.
6
 Since the spillage of the cyst 

within the body is the first reason of secondary parasitic infection.   
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In purely cystic infectious liver disease, the risk of diffusion of the 

cyst contents can be averted by injection of an effective scolicidal 

agent.
7
 Various scolicidal agents such as albendazole and 

mebendazole are widely used to neutralize cyst content during and 

after surgery. The use of chemically synthesized scolicidal agents such 

as hypertonic saline solution, Ag-nitrate, cetrimide, Albendazole and 

mebendazole may produce adverse side effects such as leukopenia, 

liver necrosis, elevated liver transaminase and sclerosing 

cholangitis.
2,8

 Therefore, many researchers have attempted to find 

naturally sourced chemical components such as plants with anti-

parasite activities. The majority of the world population (60-80%) still 

depends on traditional medicines to treat many of the current 

diseases.
9,10

 Medicinal plants are an important source of various 

compounds containing effective biological substances for treating 

serious diseases all over the world.
11

 Therefore, natural compounds of 

medicinal plants such as phenolic compounds and essential oils may 

have potent application as anti-parasitic, antimicrobial, anti-

inflammatory and anti-pyretic. In Jordan, 363 species out of 2552 

flowering plant species were reported of being used in traditional 

medicine.
12-16 

The plant Ruta graveolens L (R. graveolens) is a member of Rutaceae 

family and is commonly known as Rue.
13

 Jordanians use the R. 

graveolens plant as food spices.
12

 In traditional medicine, it is utilized 

as aphrodisiac, stimulant for fertility and is used to treat many 

ailments such as inflammations, wounds, parasitic infections, ulcers, 

low blood pressure, hypotension, reproductive defects and menstrual 

issues.
17-19

 A schistosomicidal activity and anticancer effect of the R. 

graveolens extracts were reported by Carvalho et al.,
10

 whereas its 

essential oil showed crucial antibacterial and antifungal activities.
18

 

The plant P. harmala L is commonly known as Syrian Rue belongs to 

family Zygophyllaceae, and is widely used in folk medicine. The plant 

Citrullus colocynthis L (C. colocynthis) belongs to the family 

Cucurbitaceae.
12

  These plants are mostly endemic to Mediterranean 
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The common scolicidal agents used for the immobilization of protoscolices of hydatid cyst are 

mostly associated with side effects. The purpose of the current study was to investigate the 

methanol extracts of Ruta graveolens, Peganum harmala L. and seeds of Citrullus colocynthis L 

effects on hydatid cysts. The protoscolices were collected from hydatid cyst-infected sheep and 

goats and subjected to various concentrations of methanol extracts of the three plants (10, 20, 30 

and 40 mg/mL) at different exposure times in vitro. Albendazole (ABZ) was used as a control. 

R. graveolens extract (40 mg/mL) killed 100% of the protoscolices in 75 minutes (1.25 hour) 

while the other concentrations (10, 20, 30 mg/mL) led to 100% mortality of the protoscolices at 

the maximum period of 12 hours, after treatment. Whereas, a 21% and maximum scolicidal 

effect (95%) were obtained using 20 mg/mL ABZ as control after 2 and 24-hour exposure 

period, respectively. The highest deadly effects obtained from P. Harmala and C. colocynthis 

extracts were 50 and 15%, respectively, using maximum concentrations (40 mg/mL), after 24 

hours of treatment. Moreover, various concentrations of the R. graveolens extracts were very 

superior (P < 0.05) to the two plants and ABZ as control. The anti-fibroblast study showed that 

the use of 100 mg/mL of R. graveolens extract resulted in extremely low cytotoxicity with IC50 

values of 65.78 mg/mL. Thus, the significant effects of this extract on the protoscolices reveal a 

new antihydatic activity using R. graveolens as a source of scolicidal agents. 
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region particularly, Jordan 
12

. P. harmala and its active alkaloids 

possess a wide range of pharmacological activities like anti-parasidal, 

antifungal, antibacterial, insecticidal and anti-leishmanial 

activities.
20,21

 P. harmala seeds have a potential for treating several 

diseases such as anxiety, depression, fever, malaria and leukemia.
22,23

 

C. colocynthis is characterized by the presence of different chemical 

compounds such as alkaloids, carbohydrates, flavonoids, tannins, 

gums and mucilage's. Besides its usage as source of antioxidant, 

antimicrobial, insecticidal activity, anti-parasitic agent against 

Haemonchus contortus, Leishmania and Plasmodium and anti-diabetic 

activity, it is used in traditional medicine for treating cancer, 

carcinoma, endothelioma, leukemia, tumors of the liver, diabeties and 

spleen.
24-26

   

The current study aims to investigate the activity of some wild plant 

extracts (Ruta graveolens L. (Rutaceae), Peganum harmala L. 

(Zygophyllaceae) and seeds of Citrullus colocynthis L. 

(Cucurbitaceae) collected from different regions of Jordan 

against Echinococcus granulosus protoscolices. 

 

 

Materials and Methods 

Collection of the plant specimens 

Aerial parts including stems and leaves of R. graveolens and P. 

harmala were collected from different regions of Jordan in June 2020 

while seeds of C. colocynthis were collected in July 2020. The plant 

was authentically identified by Prof. Sawsan Oran
12, 13

, Department of 

Biological Sciences, University of Jordan, Amman, Jordan. Voucher 

specimens numbers of R.graveolens, P. harmala, and seeds of C. 

colocynthis (MU2021-19, MU2021-20 and MU2021-21, respectively) 

were deposited in the Department of Biology, Faculty of Science, 

Mutah University, Jordan.  

 

Preparing the extracts of R. graveolens 

The fresh aerial parts of R.graveolens, P. harmala, and seeds of C. 

colocynthis were washed, dried under shade and grinded with a 

blender to powder. One hundred gram of each dried plant parts were 

soaked in 1000 ml methanol (10:1 v/w ratio) for 3 days with 

continuous shaking at room temperature. After filtration, the extract 

was dried using rotary evaporator at 45°C under reduced pressure. The 

obtained extracts were kept at -20°C in airtight containers. The 

extracts were weighed to calculate the yield percentage using the 

following equation: Yield% = (wt. of dry extract/ wt. of dry parts 

before extraction) x 100%.
26

 Initially, each dried crude extract was 

dissolved in 30% dimethyl sulfoxide (DMSO). Stock solution 

containing 500 mg/mL of the extracts were prepared in sterile normal 

saline, and series of dilutions were made to obtain concentrations of 

10, 20, 30 and 40 mg/mL. 

 

Phytochemical analysis of R. graveolens, P. harmala, and seeds of C. 

colocynthis Determination of Total Phenolic Compounds 

The whole phenol quantification process was carried out for R. 

graveolens, P. harmala, and seeds of C .colocynthis extracts using the 

Folin-Ciocalteu method.
27

 15 mL of Dimethyl sulfoxide (DMSO) was 

used in the dissolution of the crude extracts. 0.5 mL extract of R. 

graveolens was added to 2.5 ml of 0.2 N Folin-Ciocalteu reagent and 

left for 5 minutes at room temperature, then 2 mL aqueous solution of 

sodium carbonate (7.5 % w/v) was added.  After 2 hours of incubation 

at room temperature in darkness, the measurements of absorbance 

were taken at 760 nm employing UV/Visible spectrophotometer 

(Elico, SL 150, India). Gallic acid concentrations (Sigma-Aldrich, 

USA) ranged between 0.01-0.05 mg/mL were applied for the 

calibration of standard curve. The unit (mg gallic acid 

equivalent/gram) was considered as an equivalent for measuring the 

total phenol content in these experiments. 

 

Determination of total flavonoids 

The amount of flavonoid content in each extract of R. graveolens, P. 

harmala, and seeds of C. colocynthis was estimated according the 

procedure of Zhishen et al.
28

 The dissolution of the crude extracts was 

carried out in 15 mL of DMSO (dimethyl sulfoxide) (Hayman, 

England), in which 0.5 mL of each extract was mixed with 0.3 mL of 

5 g/L sodium nitrite (Labchem, USA), 5 minutes later 0.3 mL 

aluminum chloride solution (1g/l) was added. After six minutes, 2 ml 

of 1M NaOH solution was added to the mixture and the total volume 

was adjusted to 10 mL with distilled water, and then sonication was 

carried out immediately. The absorbance was measured at 510 nm 

against water as control using a visible/UV spectrophotometer. The 

Calibration curve was made with employing a rutin solution 

preparation (0-200 μg/mL). The unit mg rutin/g extract of each plant 

was used to express the concentrations.  

 

Determination of total tannins 

The Folin and Ciocalteu method
29

 was used for the estimation of the 

total tannins. Each extract of R. graveolens, P. harmala, and seeds of 

C. colocynthis was analysed by adding 0.1 ml of previously prepared 

15 mL DMSO-crude extract solution dissolved in 7.5 mL of distilled 

water. To this mixture, 0.5 ml of Folin Ciocalteau phenol reagent and 

1 ml of 35% (w/v) sodium carbonate solution were added and this was 

made up to 10 mL with distilled water. Samples were well mixed by 

shaking, left at room temperature for 30 minutes, and the optical 

absorbance read at 725 nm. Water was used for preparation of blank 

rather than of the sample. Pre-treatment was done for a set of standard 

solutions of gallic acid using the same method mentioned previously 

with making assessments against blank. The results of tannins were 

interpreted as the gallic acid equivalent/gram of the gallic acid extract. 

 

The source of the hydatid cyst 

The collection of hydatid cysts from infected organs was made from 

naturally infected sheep/goats that were slaughtered in Karak abattoir. 

The process of slaughtering animals in the slaughterhouse is subject to 

the supervision of the Veterinary Department for Meat Inspection 

under the administration of Karak Municipality, Jordan. The presence 

of cystic echinococcosis was examined by making regular visits 

(periodically) to the slaughterhouse to examine the various organs that 

could be affected, such as the liver, lung, and other organs in 

slaughtered animals.  

The infected samples from each animal were taken separately, in clean 

plastic bags, ‘in an icebox’ and transferred within one hour to the 

research lab of the Department of Biological Sciences. Organs 

affected by hydatid cysts were recognized in slaughtered animals with 

the help of a veterinarian. After determining the site of infection in the 

examined samples, especially the liver and lungs, the incidence of 

infection was calculated as follows: Rate of infection = Infected 

animals/ Slaughtered animal's × 100%.  

 

Collecting the protoscolices 

Protoscolices were obtained after cleaning the surfaces of the cysts 

twice before dissecting using 70% ethyl alcohol.
30,31

 Hydrophilic fluid 

was extracted from every cyst using a sterile syringe, transported it to 

a sterile box and left for 30 minutes to allow precipitations of 

protoscolices. The obtained protoscolices after subtracting the 

supernatant were rinsed thrice in Phosphate Physiological Stock Saline 

(PBS) (pH 7.2) 
1,9

 .The extracted protoscolices were kept in a sterile 

mixture composed of Kreb's Ringer Solution (KRS) and hydatid cyst 

fluid (4:1) supplied with 100 µg/mL penicillin and streptomycin 

sulphate to make it bacteria free media.
32

 

 

Evaluating the viability of the protoscolices 

Protoscolices vitality was evaluated through monitoring the motility of 

flame cells and staining with 0.1% aqueous eosin solutioin. Living 

protoscolices do not absorb the eosin and remain uncoloured, while 

dead protoscolices absorb the eosin and appear distinctively blue 

under a microscope.
30,31

  

The percentage of alive protoscolices in the sample was calculated by 

dividing the number of alive protoscolices in the sample to the total 

number of the calculated headings x 100. When the percentage of 

viable protoscolices exceeded 90%, it was utilized in the next phase of 

experiments. 

 



                                                     Trop J Nat Prod Res, April 2021; 5(4):707-714                      ISSN 2616-0684 (Print) 

                                                                                                                                                               ISSN 2616-0692 (Electronic)  
 

709 
 © 2021 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License   

In vitro effect of R. graveolens, P. harmala, and seeds of C. 

colocynthis methanol extracts on the viability of E. granulosus 

protoscolices  

Hydatid cyst protoscolices were treated independently with 10, 20, 30 

and 40 mg/ml of each plant extract for 1, 3, 6, 12, 18 and 24 h. In 

more details, one milliliter (approximately 2 x 10
3 

protoscolices/mL) 

from protoscolices suspension (Kerb's ringer's and Hydatid cyst fluid 

4:1) was placed in test tubes. Then various concentrations of plants’ 

extracts (10, 20, 30 and 40 mg/mL) were added and the effect of each 

concentration was evaluated as a function of different specified time 

periods (1, 3, 6, 12, 18 and 24 h) at room temperature.
2,6

 The scolicidal 

activity of extract was determined by staining the protoscolices with 

0.1% eosin for 15 min and the rate of mortality was monitored using 

the light microscope. Protoscolices viability was tested by the motility 

of flame cells and by their impermeability to a 0.1% eosin solution. 

Protoscolices were rated as viable when kept unstained and 100 

protoscolices were included for each estimate of protoscolices 

viability.
9
 To monitor the efficacy of the methanol plant extract on the 

viability of protoscolices, 20 mg / mL of ABZ was used for 

comparison. Mixture of 30% DMSO and protoscolices maintained in a 

sterile medium (1:1000) were used as positive control. Normal saline 

and the maintenance medium was used as negative control 
33

. In all 

cases, experiments were performed in three replicates. All images 

were captured by Pro-MicroScan, Microscope Digital Camera, 8M 

Pixels High-Speed and light microscope OLYMPUS Model CX21FS1 

(100x) 

 

In vitro cytotoxicity test: 

Cytotoxicity of Ruta graveolens extract was assessed against 

fibroblast cell lines. The cells were cultured in Dulbecco's Modified 

Eagle Medium (DMEM) supplemented with 100 μg/ml of penicillin 

and streptomycin antibiotics. The cells were grown in humidified 5% 

CO2 incubator at 37°C. The cells were splitted each 3-4 days by the 

removal of the culture media followed by cell detaching using 1-2 ml 

of trypsin and adding fresh warmed DMEM medium.
34-36

 

Concentration ranges tested were between 10-100 mg/ml for plant 

extracts. All cultures were performed in triplicates. IC50 was calculated 

from dose-response curve. 

 

Culturing of cell lines 

The cytotoxicity of Ruta graveolens extract was determined 

microscopically. Different concentration of the samples (10, 25, 50 

and 100 mg/ml) were applied into 24-well microtiter plates containing 

5×10
4
 cells/ml of the tested cell line. The cells were incubated at 37°C 

in a humidified atmosphere containing 5% CO2. The test was done in 

duplicate and the cytotoxic effect was observed daily up to 72 hr of 

cultivation.
37,38

 Changes in cell shape morphology including loss of 

monolayer, rounding, and shrinking was considered signs of cytotoxic 

effect of the tested samples under microscopy. Cultures of cell line 

without tested extract was implemented as negative controls. 

 

Antiproliferative assay 

Following cultivation of cell lines with tested compounds, the 

inhibition in cell proliferation was monitored using Giemsa staining 

method.
39

 The media from wells will be aspirated followed by 

washing with 0.5 ml PBS and fixation with 0.3 ml methanol for 10 

min at 37°C. Methanol was aspirated and plates were left to 2 min for 

drying. 0.5 ml of Giemsa stain (1:10 in PBS) was applied to each well 

and left for 10 min, after which, the stain was aspirated and the wells 

were washed with 0.5 ml deionized water. The bounded stain will be 

extracted using 0.3 ml of 0.1N HCl and antiproliferative activity will 

be estimated using enzyme-linked immunosorbent assay (ELISA) 

microplate reader at 630 nm. The cell viability will be expressed as 

percentage of living cells relative to control. The percentage cell 

mortality was calculated using the formula:  

 

%Mortality rate = Absorbance of control− Absorbance of treated cells 

×100/ Absorbance of control. 

 

 

 

Statistical analysis 

All the experiments were carried out in triplicate. Data analysis was 

made by using version 17.0 of SPSS statistical package (SPSS Inc., 

Chicago, Illinois, USA). The results were analysed by finding 

differences between the test and control groups by means of t-test. 

Statistical significance was considered at P < 0.05. 

 

Results and Discussion 

The plants endemic to Jordan are part of the Mediterranean flora, a 

number of them are medicinal and they show different ways of 

acclimatization through the creation of bioactive ingredients. R. 

graveolens, P. harmala, and C. colocynthis are among the most 

important plants used in Jordanian traditional medicine.
12

 

 

Rate of infection 
In this study, 3725 slaughtered animals were examined (1675 

indigenous and 2050 imported) during the period of 1/8/2020 to 

1/10/2020. The rate of infection among imported and indigenous 

animals were 0% and 1.49%, respectively. Among all the slaughtered 

animals that was examined, about 0.91% were infected (Table 1). 

Yield and Phytochemicals analysis of methanol extracts 

The yielded extracts obtained by methanol extraction of aerial parts of 

R. graveolens, and P. harmala and seeds of C. colocynthis (Table 2) 

were about 23.51, 20.50 and 12.0% w/w on dry weight basis, 

respectively. The results of this study showed that methanol extracts 

of studied plants in the order as mentioned above, contained phenolic 

compounds (25.53 ± 0.49, 18.25 ± 0.04 and 17.60 ± 0.39), as well as 

flavonoids (6.66±0.31, 8.385 ± 0.71 and 9.81 ± 0.53) and tannins 

(8.035 ± 0.049, 6.41 ± 0.80 and 5.70 ± 0.07). These results reflect their 

considerable potential as antioxidants, antimicrobial and antiparasitic 

due to the presence of hydroxyl groups in phenolic compound which 

serves as a key to their scavenging capacity.
26,37-40

 

 

In vitro treatment of protoscolices 

The viability of the protoscolices was significantly minimized when 

treated with the methanol extract of R. graveolens for different times 

in comparison with the ABZ as control. The methods of treating 

hydatid cysts are faced with some restrictions; the azole compounds 

are effective in conditions where the cysts are scarce and tiny, 

however they are not efficacious in all circumstances and may lead to 

some harmful and unwanted consequences.
8,41

 Consequently, more 

attention must be paid to the field of ethnobotanical exploration. 

The current study showed that the different concentrations of the 

methanol extracts of R. graveolens and P. Harmala displayed a 

significant effect (P<0.05) on the viability of the protoscolices at 

different exposure times, but the R. graveolens extract (Figures 1, 2 

and 3) was very high compared to ABZ. All concentrations used (10, 

20, 30 and 40 mg/mL) for R. graveolens extract (Table 3) showed 

potent protoscolicidal activity in a short period against protoscolices 

obtained from the organs of infected sheep and goats. The use of 40 

mg / mL of R. graveolens extract resulted in the 100% death of 

protoscolices in 75 minutes (1.25 h) whereas when using 20 mg/mL 

ABZ as the control, a lethal effect of 21% was obtained after 2 h of 

treatment. In fact, the scolicidal impact of 20 mg/mL ABZ lessened 

the viability of the protoscolices up to 52.5% after exposure time of 

12h and thus showed an efficacy of approximately 50% of what was 

obtained through the R. graveolens extract. In this study, different 

concentrations of C. colocynthis extract (Figure 4) that were tested 

against protoscolices did not show any significant changes (P < 0.05) 

except a 15% reduction in viability that was obtained after 24 h 

incubation at the highest concentration (40 mg/mL). 

The R. graveolens L extracts are considered very effective 

protoscolicidal agents at lower concentrations compared to different 

plants tested for the same objective (Figure 5). The use of different 

plant extracts against protoscolices showed a large extent of variability 

in the strength of its activity. For example, Oleaeuropaea leaf, Nectar 

scordumkoelzi and N. tripedale extracts were effective through 

achieving complete killing at varying lengths of time, using different 

extent of concentrations and with varying degrees of toxicity.
41-43

 In 

addition, when assessing the best factor for scolicidal  efficacy, many 
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factors must be taken into consideration including the use of lower 

concentrations, stronger efficacy in the shortest possible period of 

exposure, cystic fluid stability, scolicidal capacity inside a cyst, less 

toxicity, more accessibility and capability for quick preparation.
8
 The 

results of using R. graveolens in this study were comparable to the 

scolicidal action of 20% silver nitrate (20 minutes), 95% ethyl alcohol  

(15 min), 20% hypertonic saline (15 minutes), H2O2 3% (15 minutes)  

and 0.5-1% cetrimide (10 minutes).
44,45

 Moreover, inclusion of these 

scolicidal drugs may lead to manifestation of harmful side effects such 

as sclerosing colitis, methemoglobinemia and liver necrosis.
46

 

However, the results of toxicity and inhibition by plant extracts are 

subject to several factors such as optimal conditions, concentration 

and purity of the bioactive compounds.
45, 47-50

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Images of living, dead and partialy dead protoscolices of E. granulosus after being stained with 0.1% eosin; 

(a), untreated protoscolices with any of extracts. (b), complete mortality of protoscolices after exposure time of 1.25 h (75 minutes) to 40mg/mL of R. 

graveolens extract. (c), partially dead protoscolices (15%) of E. granulosus obtained after exposure to 40mg/mL of C. colocynthis extract for 24h (d), 

partially dead protoscolices of E. granulosus obtained (50%) after exposure to 40mg/mL of P. harmala extract for 24h (d), 95% deadly effect of 

20mg/ml ABZ on protoscolices after exposure time for 24h. (Total magnification 100X). 

 

 

 

Table 1: Infection rates of hydatidosis among all slaughtered nimals 
 

Slaughtered animals No. of Slaughtered 

animals 

No. of  

Infected animals  

Infection  

rates (%)  

Infected organs examined 

liver lung both liver and lung 

Imported sheep /goats 2050 0 0 0 0 0 

Indigenous sheep /goats 1675 25 1.49% 4 2 19 

Total slaughteredanimals 3725 25 0.91% 4 2 19 
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Table 2: Percentage yield (%) and Phytochemicals of R. graveolens, P. harmala, and seeds of C. colocynthis methanol extract 

 
Plants Weight of MeOH 

plant extract [g] 

(%) Yield of MeOH 

plant  extract 

Total Phenol's 

(GAE mg/g) 

Total Flavonoids 

(Rutin equ. mg/g) 

Tannin 

(GAE mg/g) 

R. graveolens 16.46 23.51 25.53 ± 0.49 6.66 ± 0.31 8.035 ± 0.049 

P. harmala, 14.36 20.50 18.25 ± 0.04 8.385 ± 0.71 6.41 ± 0.80 

C. colocynthis 8.40 12.0 17.60 ± 0.39 9.81 ± 0.53 5.70 ± 0.07 

 

 

Table 3: Effect of treatment with methanol extracts of R. graveolens, P.  harmala and  C. colocynthis  on the relative viability of 

protoscolices as a function of  time (h). Data represent mean values ± SD; n = 3. The significance of the differences was calculated using 

Tukey’s test, with P < 0.05 indicating a significant difference. 

 
Source of 

extract 

Concentration 

mg/mL 

Relative viability of protoscolices  

Treatment duration (h) 

1 3 6 12 18 24 

 

R. graveolens⁎  

 

 

10 0.360 ± 0.05 0.125 ± 0.03 0.040 ± 0.03 

 

0.00 

 

0.00 

 

0.00 

20 0.150 ± 0.02 0.025 ± 0.0015 0.015 ± 0.002 0.00 0.00 0.00 

30 0.155 ± 0.03 0.020 ± 0.001 0.00 0.00 0.0 0.00 

40 0.020
⁎ 
± 0.001 0.00 0.00 0.00 0.00 0.00 

 

 

P. harmala 

10 0.971 ± 0.015 0.960 ± 0.004 0.923 ± 0.010 0.903 ± 0.012 0.884 ± 0.014 0.853 ± 0.020 

20 0.952 ± 0.009 0.909 ± 0.022 0.816 ± 0.013 0.717 ± 0.017 0.685 ± 0.008 0.663 ± 0.010 

30 0.916 ± 0.006 0.834 ± 0.015 0.778 ± 0.023 0.721 ± 0.027 0.597 ± 0.047 0.543 ± 0.014 

40 0.855 ± 0.023 0.808 ± 0.024 0.737 ± 0.035 0.663 ± 0.021 0.573 ± 0.056 0.500 ± 0.017 

 

 

C. colocynthis 

10 0.97 ± 0.01 0.95 ± 0.02 0.94 ± 0.03 0.92 ± 0.02 0.90 ± 0.02 0.90 ± 0.02 

20 0.98 ± 0.01 0.96 ± 0.01 0.96 ± 0.01 0.94 ± 0.02 0.92 ± 0.02 0.90 ± 0.02 

30 0.96 ± 0.01 0.95 ± 0.01 0.93 ± 0.02 0.91 ± 0.02 0.90 ± 0.01 0.87 ± 0.02 

40 0.95 ± 0.01 0.93 ± 0.01 0.92 ± 0.01 0.90 ± 0.01 0.88 ± 0.02 0.85 ± 0.02 

ABZ 20 0.97 ± 0.02 0.90 ± 0.02 0.77 ± 0.05 0.50 ± 0.05 0.28 ± 0.03 0.04 ± 0.03 

Control  0.99 ± 0.01 0.99 ± 0.01 0.98 ± 0.02 0.98 ± 0.01 0.98 ± 0.01 0.97 ± 0.00 

⁎ Taking into account that methanol extract of R. graveolens showed complete killing (0.0 viability) of protoscolices (40 mg/ml) after 1.25 h (75       

minutes), the two hours’ time point was considered as interval instead of three hours’ time point. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Effect of various concentration of R. graveolens 

methanol extract on the protoscolices viability of hydatid cysts 

at different exposure periods compared with 20 mg/ml (ABZ). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Effect of various concentration of P. harmala extract 

methanol extract on the protoscolices viability of hydatid cysts 

at different exposure periods compared with 20 mg/ml (ABZ). 
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Figure 4: Effect of various concentration of C. colocynthis 

methanol extract on the protoscolices viability of hydatid cysts 

at different exposure periods compared with 20 mg/mL (ABZ). 

 

 

 

 

 

 
 
 
 
 
 

 

Figure 5: The effect of using 40 mg/mL extract for each of the 

three plants (R. graveolens, C. colocynthis and P. harmala) on 

the viability of E. granulosus protoscolices as a function of 

time as compared with using 20 mg/ml of ABZ. 

 

The cytotoxic activity of R. graveolens extract 

Previous studies on the alcoholic extract of R. graveolens proved its 

non-toxicity to rat liver by studying pathological changes.
51

 Since only 

R. graveolens L extract gave promising results, unlike the other two 

plants (P. harmala and C. colocynthis), it was necessary to examine its 

methanol extract toxicity against fibroblast cells.  It was found that the 

use of R. graveolens extract at a concentration of 100 mg/mL 

exhibited very low cytotoxicity against the fibroblast producing 

72.8%, mortality of fibroblast cells with IC50 values of 65.78 mg/ml. 

The treatment of fibroblast cells with 100 mg/mL of R. graveolens L. 

extract for 72 hours showed a significant decrease in their proliferation 

compared with control. Carvalho et al. 
10

 showed that R. graveolens 

extract and its rich alkaline fractions (Rg-FAE) were effective against 

the adults of Schistosoma mansoni worms, while no significant 

cytotoxicity to macrophages was demonstrated.  

On the other hand, the result of Schelz et al.
52

 who demonstrated that 

the alkaloid constituents (isogravacridone chlorine (IGC), rutacridone) 

isolated from R. graveolens, had a pronounced effect on cell 

proliferation of MDA-MB-231 with an IC50 value of 2.27 μM. 

However, the same extract had a very cytotoxic action against Mehr-

80 (IC50 = 46.2 µg/mL).
53

 In addition, chalepin compound isolated 

from Ruta angustifolia L. showed excellent cytotoxicity against A549 

cell line with an IC50 value of 8.69 ± 2.43 μg/mL.
54

 Arora and Tandon, 
55

 reported that R. graveolens 30CH had high ability to decrease cell 

viability and cell migration by increasing apoptosis of the human 

colon cancer. These results open the track potential use of R. 

graveolens extract as ideal agent that is both effective and safe for the 

host at the same time. 

 

Conclusion 

The methanol extract of R. graveolens (40 mg/ml) caused strong 

protoscolicidal effect at a shorter exposure time (1.25 hr) compared to 

96% lethal effect obtained by using 20 mg/ml ABZ after 24 h 

treatment. The scolicidal effect of various concentrations of the R. 

graveolens methanol extract was significantly (P <0.05) higher than 

that of the standard drug (ABZ) at all exposure times, thus, it can be 

used instead of other protoscolicidal agents that usually have side 

effects. Therefore, it is necessary to emphasize the urgent need for 

surgeons to overcome the obstacles of hydatid cyst surgery to conduct 

in vivo studies to monitor any side effects on the human body through 

using R. graveolens extract as natural scolicidal agents in surgery. 
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