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1. Introduction

  Cystic echinococcosis (CE) is a major zoonotic infection that 

affects humans and domestic animals. It is caused by Echinococcus 

granulosus (E. granulosus) which is a metacestode belonging to the 

family of Taeniidae[1,2]. Cystic echinococcosis is still endemic and 

considered as a severe public health concern in many regions of the 

world, as is the case in Algeria[3]. 
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Objective: To evaluate the in vitro and in vivo effect of the Algerian propolis ethanolic extract 

(EEP) against Echinococcus granulosus (E. granulosus) infection. 

Methods: In vitro scolicidal activity of EEP was investigated on the protoscolices of hydatid 

cyst. This in vitro study was conducted by using an in vivo assay. BALB/c mice were inoculated 

with E. granulosus and treated with propolis for three months. Hydatid cysts development was 

assessed. Nitric oxide (NO), tumor necrosis factor alpha (TNF-α) production and inducible 

NO synthase, NF-κB, and TNF-α spleen expression were estimated by Griess method and 

immunofluorescence respectively.

Results: Our study revealed that EEP has a high scolicidal activity against E. granulosus. Oral 

administration of EEP decreased TNF-α, NF-κB and inducible NO synthase expression in the 

spleen tissues in the CE+EEP group, in comparison with the CE group. Concomitantly, EEP 

treatment caused an important systemic decrease in NO and TNF-α levels. These findings are 

associated with the reduction of CE development. 

Conclusions: This is the first report demonstrating with interest the antihydatic and 

immunomodulatory effects of the Algerian EEP, suggesting its therapeutic potential for the 

hydatid disease treatment.
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  This parasitic disease manifests frequently as unilocular hydatid 

cyst(s) which can develop in many organs including liver, lung, and 

occasionally, kidney, spleen, bone, heart and brain[4]. The clinical 

evolution of these cysts is slow and in some cases asymptomatic[1]. 

  Duration and intensity of infection as well as the variety of 

immunological responses to parasitic epitopes are the major factors 

that influence the severity and variability of the clinical expression of 

CE[5-7]. 

  Because of its high efficiency, surgery is still the preferred 

CE treatment method. However, in many cases, it is dangerous 

or sometimes impossible. It also increases the risk of scolices 

dissemination during the surgical operation which contributes to 

recurrence[1,8]. Chemotherapy using benzimidazole compounds 

such as albendazole and mebendazole indicated in inoperable 

cysts and complementarily with cyst puncture, aspiration, injection 

of chemicals as well as respiration, and surgery treatment were 

subsequently introduced[2]. However, due to their different side 

effects, the application of these drugs has become controversial 

and limited[9,10]. Therefore, enormous efforts and investments have 

been spent attempting to discover, especially from natural resources, 

alternative treatment strategies and new anti-hydatid compounds 

which have low or no adverse effects and high potency for hydatid 

cyst surgery[11-13]. 

  In this context, we are interested in propolis which is a resinous hive 

product, composed of exudates of trees mixed by honey bees with 

enzymes, beeswax and pollen[14]. This substance is used by bees to 

fill gaps, cover hive walls and mummify the carcasses of external 

invader insects[15]. Its composition may vary qualitatively and 

quantitatively according to its harvest[16], the different plant sources 

and the collection season[17,18]. Basically, resins and balsams are the 

major constituents of crude propolis (50%). Other substances such 

as wax (30%), aromatic oils (10%), pollen (5%) and mineral and 

organic matter (5%) are found[19]. Till date, more than 300 chemical 

compounds have been identified in propolis, guaranteeing its curative 

effects. Among them are phenolic and flavonoic compounds[20]. 

Apart from its antibacterial[21], anti-inflammatory[22], antioxidant[23], 

hepatoprotective[24], anti-proliferative and antifungal[25,26] activities, 

propolis has also antiparasitic effects[27-30]. 

  In the present work, we investigated the antihydatic and 

immunomodulatory effects of Algerian propolis ethanolic extract 

(EEP) in an experimental cystic echinococcosis. In this sense, the 

in vitro effects of EEP on the protoscoleces of E. granulosus (PSCs) 

viability and the hydatid cysts development in BALB/c mice were 

evaluated. In addition, TNF-α, NF-κB and iNOS expression in the 

spleen was analyzed and NO and TNF-α levels were determined.

2. Materials and methods

2.1. Preparation of ethanolic propolis extract 

  Propolis sample was harvested in May in El Bayadh (North-West 

of Algeria) by scraping it off from the frames of Apis mellifera hives. 

Propolis was extracted following the protocol described by Baltas 

with some modifications[31]. Propolis sample was frozen overnight 

at -20 ℃ and then crushed rapidly to obtain a homogeneous 

powder. Ethanol at 70% was used for the extraction. A quantity 

of 20 g of propolis was added to the solvent (1 v: 5 v). Kept in the 

dark, the solutions were stirred for 12 d at room temperature under 

agitation. The supernatant was filtered (filter, 2 μm) in order to 

remove any residual sediment or contaminants and dried at 40 ℃. 

Freshly isolated propolis was then dissolved in ethanol (70%) and 

stock solutions with a final concentration of 170 mg/mL have been 

obtained.

2.2. Phenolic and flavonoid total contents 

  The phenolic total content in our propolis sample was determined 

based on the Folin-Ciocalteu assay as previously described by Zongo 

with slight changes[32]. Briefly, 0.1 mL of EEP (0.1 mg/mL) was added 

to 0.5 mL of Folin-Ciocalteu’s reagent. 5 min later, the resulting 

solution was mixed with 0.4 mL of sodium carbonate (Na2CO3) 

solution (7.5%) and homogenized immediately. The tubes were kept 

for 30 min at 30 ℃ and the optical density was measured at 735 nm. 

  The total content of flavonoid was determined by AlCl3 colorimetric 

method[33]. Briefly, 1 mL of ethanolic solution of the diluted extract 

(0.1 mg/mL) was added to 1 mL of aluminum chloride (AlCl3) at 

1%. After 10 min of incubation in the dark, the mixture absorbance 

was read at 435 nm. 

  Phenolic and flavonoic compounds concentrations were 

calculated using the equation obtained from the standard gallic 

acid [0-400 μg/mL, y=0.010 8x+0.047 6 (R2=0.997 9)] and 

quercetin [0-100 μg/mL, y=0.055 1x+0.015 4 (R2=0.999 4)] graph 

respectively. 
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2.3. Evaluation of antioxidant capacity of EEP

  The antioxidant capacity of our extract was evaluated using the 2,2-

diphenyl-1-picrylhydrazyl (DPPH) free radical method, as previously 

described by Wang, with slight modifications[34]. The ethanolic 

propolis extract was prepared at several concentrations (0.6 μg/mL to 

500.0 μg/mL) in the methanol and mixed with the DPPH methanol 

solution (0.2 mM). The reaction mixture was gently homogenized 

with a vortex and incubated in the dark for 15 min. Using methanol 

as a blank, the optical density was measured at 517 nm. Quercetin 

and vitamin C were used as standards. 

  The scavenging rate was calculated according to the following 

equation:

  Scavenging rate=[(A0-A1)/A0]×100%

  A0=the DPPH absorbance (without the EEP sample). 

  A1=the DPPH absorbance when the EEP sample is present.

  Results were expressed as IC50 value that was calculated using the 

relationship curve between the scavenging activities (%) and the 

respective sample concentrations.

2.4. Protoscolex collection

  The PSCs were obtained, under sterile conditions, from fertile lung 

hydatid cysts (with no calcification and infection) of patients, after 

their ponction (Mustapha Pacha Hospital, Department of Surgery, 

Algiers, Algeria). After the elimination of the supernatant, the 

solution of sterile PBS (phosphate buffered saline), pH 7.5, was used 

to wash the PSCs and their viability was examined under a light 

microscope using eosin solution (0.1%). The viability of the samples 

was >95% at the time of experiment.

2.5. In vitro scolicidal activity of EEP 

  In our study, three concentrations of the EEP (5, 10 and 25 mg/mL) were 

tested for durations of 10, 20, 30 and 60 min. These concentrations 

were obtained by diluting the EEP solution in a test tube containing 

PBS (total volume=0.5 mL). Protoscoleces were then added to the 

tube and kept at room temperature. At each incubation’s end, the 

supernatant was discarded and 50 μL of eosin solution was mixed 

with the sediment and incubated for 5 min. The protoscoleces 

viability was then examined microscopically and the death rate was 

calculated by counting at least 300 protoscoleces. PBS, ethanol at 

10% and 20% hypertonic saline have been used as negative, solvent 

and positive control groups respectively and the experiments were 

repeated 3 times.

2.6. Animals  

  Thirty healthy BALB/c female mice (18-20 g) were purchased 

from Pasteur Institute (Algiers, Algeria). They were intraperitoneally 

infected by inoculation of 2 000 protoscoleces suspended in sterile 

PBS[35]. All the animals were fed ad libitum and kept under normal 

conditions with a dark/light cycle (12 h/12 h). Our study was 

approved by the Committee on the Ethics of Animal Experiments 

of the Thematic Research Agency in Health Sciences ATRSS (ex 

ANDRS), which supported our project (Code: N°43-ANDRS-2011). 

2.7. Acute toxicity study

  Fifty healthy BALB/c female mice were split randomly into 5 

groups (10 mice per group). All mice were given access to water 

while food was withheld for overnight prior to the treatment. They 

were given the ethanolic propolis extract at 1 000, 2 000, 3 000 and 

4 000 mg/kg body weight concentrations while normal control group 

received hydroalcoholic solution at 20% used as gavage vehicle. The 

survival of mice as well as side effects were observed for 14 d. 

2.8. Therapeutic trials

  To estimate the Algerian EEP therapeutic effects during 

experimental echinococcosis, the animals were assigned randomly 

into 3 groups (10 mice per group):  Group 1 (Ctrl) served as normal 

control and received tap water for three months and an intraperitoneal 

injection with PBS at the time point of infection. Group 2 (CE) 

served as hydatidosis control and received intraperitoneal injection 

of 2 000 viable hydatid protoscoleces suspended in 200 μL of sterile 

phosphate buffered saline solution. Group 3 (CE+EEP) was treated 

by daily intragastric administration of 100 mg/kg of EEP (from the 

10th day after protoscoleces inoculation till the 3rd month’s end). 

During this time period, food and water intakes were daily recorded. 

A vehicle control (Ethanol at 2%) was confirmed to be not toxic.

2.9. Assessment of cyst development

  At the treatment period’s end, the weight of cysts taken from the 
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peritoneal cavity was measured. The following formula was used to 

determine the inhibition rate and the larval growth: 

  [(average cysts weight of CE group-average cysts weight of 

CE+EEP group)/average cysts weight of CE group]×100. 

2.10. Serum collection and nitrite measurement

  After 3 months of infection, all the mice were anesthetized. The 

blood samples collected via cardiac puncture and put in tubes 

without anticoagulant were centrifuged to obtain serum, which was 

used for measurement of nitrite.

  Nitric oxide production in serum was evaluated via the 

measurement of nitrites using Griess reaction. In brief, a volume 

of 50 μL of serum was added to 50 μL of Griess reagent (5% 

sulfanilamide and 0.5% napthylethylenediamine dihydrochloride 

dissolved in 20% HCl) and incubated for 20 min in obscurity. 

After incubation, the optical density was read at 543 nm and nitrite 

concentration was calculated using a standard curve performed with 

sodium nitrite [NaNO2; (0-200) μmoL/mL].

2.11. Systemic cytokine levels measurement

  The TNF-α levels in serum of mice were analyzed by using 

enzyme-linked immunosorbent assay (ELISA) kit (Sigma-Aldrich) 

according to the manufacturer’s specifications.

2.12. Immunohistofluorescence

  At 3 months post-infection, 2 μm thick sections of spleen tissue 

of paraffin-embedded samples were dewaxed with xylene, and 

rehydrated in graded alcohols. They were then saturated by incubation 

(2 h) in PBS containing 5% skim milk and permeabilised with 0.1% 

Triton X-100 for 30 min. For the immunohistofluorescence study, the 

sections were labeled at 4 ℃ overnight with the appropriate primary: 

anti TNF-α antibody (diluted 1:100), anti-iNOS antibody (Santa 

Cruz Biotechnology, diluted 1:100) and anti NF-κB/p50 antibody 

(Thermo Fisher SCIENTIFIC, diluted 1:100). Finally, the anti 

IgG-FITC (Life Technologies, diluted 1:500) was applied to tissue 

sections for 2 h and then rinsed three times with PBS. 90% glycerol-

PBS solution was used to cover slides which were examined under 

fluorescent microscope (Olympus) connected to a digital camera to 

take photos (×30 magnification). 

2.13. Statistical analysis 

  To express the difference among the groups, our results were 

analyzed by one-way analysis of variance (ANOVA) or t-test. 

GraphPad Prism 6.01 (GraphPad Inc.) and ImageJ softwares were 

used to perform statistical analyses and quantitative analyses of 

the immunofluorescence staining, respectively. Data are presented 

as means±SD and P values of less than 0.05 were accepted as 

statistically significant.

3.  Results

3.1. Amount of total phenolic and flavonoid contents

  In order to determine the amount of total phenolic and flavonoid 

contents, AlCl3 and Folin-Ciocalteu’s reagents were used 

respectively. Results showed that EEP contains high polyphenol 

amount with (210.50±22.45) mg of GAE/g and flavonoid content 

with (16.4±3.4) mg QE/g.  

3.2. DPPH scavenging activity measurement

  Phenolic compounds such as flavonoid and phenolic acids, because 

of their hydroxyl groups, are known for their antioxidant activity[36]. 

Thus, the extracts activity was evaluated using the DPPH free 

radical scavenging test. Our propolis sample gave an IC50 value of 

(74.65±9.79) μg/mL. This value was close to the standards used in 

this study (10.35 μg/mL quercetin and 10.27 μg/mL vitamin C). This 

result indicated a notable antioxidant activity of our natural extract.

3.3. In vitro scolicidal activity of EEP 

  Propolis has shown significant scolicidal activity against E. 

granulosus. Indeed, at all tested concentrations, its ethanolic extract 

has demonstrated a great effectiveness against protoscoleces. The 

results of the mortality rate of PSCs after incubation with different 

concentrations of EEP are summarized in Table 1.   

  From this table we noticed that the concentration of EEP that 

has given 100% of mortality rate in shorter time (10 min) was 25 

mg/mL. Similarly, the same rate of mortality has been observed 

after 60 and 30 min of exposure to 5 and 10 mg/mL of propolis 

concentrations, respectively (Table 1). These results demonstrated 

that EEP at lower concentrations induced a delayed scolicidal effect. 
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Table 1. Scolicidal effect of EEP at the concentrations of 5, 10, 25 mg/mL 

after 10, 20, 30 and 60 min of incubation with E. granulosus.
Concentration (mg/mL) Exposure time (min) Mean of mortality rate (%)

25* 10 100.000±00.000

20 100.000±00.000

30 100.000±00.000

60 100.000±00.000

10* 10 74.410±9.820

20 97.390±2.670

30 100.000±00.000

60 100.000±00.000

5* 10 26.050±3.860

20 57.600±1.000

30   80.100±10.580

60 100.000±00.000

Ethanol at 10%* 10   3.910±1.680

20     4.520±0.014

30   5.030±0.290

60   5.420±0.930

PBS 10   2.250±0.410

20   3.680±0.200

30   5.120±1.160

60   5.740±0.010

20% Hypertonic saline* 10 100.000±00.000

20 100.000±00.000

30 100.000±00.000

60 100.000±00.000
*P<0.05 compared to negative control. Values are expressed as the mean±SD 

(n=3).

    

  The scolicidal effects of EEP were statistically significant (P<0.05) 

for the 3 concentrations used in this study, compared to the control 

group (PBS). In addition, the in-vitro vitality/viability evaluation of 

protoscoleces after treatment with EEP extract indicated a significant 

loss in the viability and morphological tegumental destruction 

leading to protoscoleces disintegration (Figure 1). 

Figure 1. Dead protoscoleces exposed to EEP and 0.1% eosin solutions 

(×40 magnification). 

A: Evaginated PSC; B: Invaginated PSC; H: Hooks; Arrow: Altered 

tegument; Arrowhead: Loss of hooks.

  Control protoscoleces placed in PBS and ethanol at 10% remained 

viable after 60 min of incubation. Their structure was not affected 

during the experimental period. They had rapid movements and most 

of them appeared invaginated and turgid (Figure 2).

Figure 2. Live protoscoleces after exposure to 0.1% eosin solution (×40 

magnification). 

A: Evaginated PSC; B: Invaginated PSC; bo: Body; sc: Scolex; cc: 

Calcareous corpuscles; H: Hooks; Teg: Tegument. 

3.4. E. granulosus infection model

  Three months after the intraperitoneal injection of protoscoleces, 

hydatid cysts were developed in all the mice with an average of 2.7 

(1-7) cysts per mouse. These cysts were macroscopically visible 

and only located in the peritoneal cavity, primarily observed in 

the pancreas, liver or free in the peritonea. In our study, the used 

procedure permitted the infection of 100% of the mice, and a reliable 

and reproducible mouse infection model was therefore established.

3.5. Acute toxicity study

  After 14 d of the study, the mice of both the normal control 

(vehicle) and the treated groups did not show any signs of toxicity 

and no death cases were observed. Indeed, the mice’s appearance 

and behavior remained normal throughout the experiment duration. 

These results indicated that our propolis extract is relatively harmless 

and its toxic dose could be more than 4 000 mg/kg body weight.

3.6. Effect of EPP on clinical parameters of secondary 
experimental echinococcosis

  The weight of developed cysts was measured to assess the effect of 
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propolis treatment at a dose of 100 mg/mL. Our data revealed that 

EEP intragastric administration to BALB/c mice for three months 

has a negative effect on the hydatid cysts development. Indeed, 

the cysts weight decreased significantly in the propolis treated 

group in comparison with the untreated control group (P=0.000 2). 

Propolis treatment inhibited cyst growth by 73.75% in the CE+EEP 

group; weight (g) of cysts in untreated control water (CE) group 

and CE+EEP group were (11.280±6.008) g and (2.960±1.814) g 

respectively (Figure 3).

A B C

Figure 3. Inhibition effect of EPP on clinical parameters of secondary 

experimental echinococcosis. 

A: Mice of the control group; B: Mice of the CE group infected with hydatid 

cyst (polycyst) in the liver; C: Mice of the CE+EEP group infected with 

hydatid cyst in the liver; HC: Hydatid cyst; Li: Liver; Pc: Polycyst.   

3.7. Effect of EPP on systemic NO levels 

  We investigated the effect of propolis on NO production in 

secondary echinococcosis. Serum NO levels increased significantly 

in mice inoculated with E. granulosus (CE group) in comparison with 

its levels in non-infected mice (Ctrl group) [(5.083±0.607) μM vs. 

(2.610±1.003) μM (P=0.004)] (Figure 4). However, compared to the 

untreated-CE group, systemic NO levels have significantly decreased 

in CE group after oral administration of EEP [(2.838±0.289) μM vs. 

(5.083± 0.607) μM (P=0.004)] (Figure 4).
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Figure 4. Treatment with EEP reduces the production of NO in serum of 

infected BALB/c mice. 

**P <0.01.

3.8. Effect of EEP on in vivo cytokine production

  To investigate the effect of the EEP on proinflammatory cytokine 

production in vivo during CE, systemic TNF-α concentrations were 

determined in the serum of mice (Figure 5). Our results showed that 

TNF-α levels were increased in CE group compared with the control 

group[(46.0±13.73) pg/mL vs. (29.50±17.86) pg/mL]. Interestingly, 

oral administration of EEP to CE group significantly decreased the 

levels of this inflammatory marker which was close to the Ctrl group 

[(18.0±13.16)pg/mL vs. (46.0±13.73)pg/mL (P=0.047)] (Figure 5). In 

addition, no significant difference in TNF-α concentrations between 

the Ctrl and CE+EEP groups was seen [(29.50±17.86) pg/mL vs. 

(18.0±13.16)pg/mL].
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Figure 5. Treatment with EEP reduces the systemic levels of TNF-α in serum 

of infected BALB/c mice. 

*P<0.05, ns: not significant. 

3.9. Effect of propolis on the expression of iNOS, TNFα and 
NF-κB in spleen tissue 

  The effect of propolis on the expression of spleen iNOS, TNF-α 

and NF-κB/p50, which is evaluated by immunofluerecscence, was 

shown in Figure 6 and Table 2. A significantly increased iNOS, 

TNF-α and NF-κB/p50 immunoreactivity was observed in the CE 

group (in comparison with the control water group), particularly in 

the white pulp (P<0.01 for TNF-α staining, P<0.001 for iNOS and 

NF-κB/p50 staining). This immunoreactivity decreased significantly 

in the spleen of treated mice (Figure 6C, 6F and 6I) compared to 

the untreated ones (P<0.01 for NF-κB/p50 and TNF-α staining, 

P<0.001 for iNOS staining). None or a low iNOS, TNF-α and NF-

κB/p50 expression was detected in the control group (Figure 6A, 6D 

and 6G; Table 2).
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Table 2. Percentages of iNOS, NF-κB and TNF-α expression in the sections 

of the spleen of the Ctrl group, CE group and CE+EEP group (%).

Antibody expression Ctrl group CE group CE+EEP group

iNOS expression 0.165±0.135 7.977±2.366*** 2.650±1.640†††

NF-κB expression 0.692±0.625 12.880±2.791*** 3.271±1.458††

TNF-α expression 0.294±0.048 6.785±1.826** 1.751±1.247††

Values are represented by mean±SD. ***P<0.001, **P<0.01 for difference 

between Ctrl and CE groups. †††P<0.001, ††P<0.01 for difference between 

CE and CE+EEP groups.

4. Discussion 
 

  There is a growing interest to find new agents such as medicinal 

plant extracts and natural products as alternative options to medicate 

CE, due to being easily available, inexpensive and safe (low side 

effects and toxicity)[37]. In this study, we focused on the antihydatic 

and immunomodulatory effect of EEP during cystic echinococcosis.

Our data demonstrated, for the first time, that administration of 

propolis at 100 mg/kg for 3 months induced a high inhibitory effect 

on the development of hydatid cyst. Indeed, the results showed a 

decrease in hydatid cyst weight in CE+EEP group. In addition, lethal 

effects were not observed after the administration of EEP during 3 

months of treatment. 

  Several studies have reported the propolis anti-parasitic activity 

against numerous parasitic species both in vitro and in vivo. In their 

study, Pontin et al have shown that Brazilian green propolis had an in 

vitro and in vivo anti-leishmanial activity[38]. In addition, Omar et al 

have reported that Nigerian propolis was active against Trypanosoma 

brucei[39]. Our findings are also in agreement with a previous study 

conducted by Mahmoud reporting that propolis exhibited anti-

schistosomal activity in mice[40]. More recently, Afrouzan and 

Algabbani demonstrated the anti-plasmodial activity of Iranian and 

Saudi propolis extracts in vitro and in vivo respectively[13,41]. 

  We suggest that the antihydatic effect observed after treatment with 

Algerian propolis ethanolic extract can be due to its biologically 

active ingredients such as phenolic compounds. It has been 

demonstrated that flavonoids and phenolic acid derivatives have 

antibacterial, antinoceceptive, antifungal, antiseptic and antiparasitic 

properties[42]. The analysis of our EEP showed high levels of 

flavonoid and polyphenol. In addition, Soltani et al reported that 

the major compounds present in Algerian propolis are phenolic 

compounds, flavonoids, alkaloids, saturated and unsaturated fatty 

acids[43]. Moreover, Moazeni et al suggested that caffeic acid, 

quercetin, gallic acid and catechin may be responsible for the anti-

hydatid effect of Zataria multiflora[12]. 

  The advantages of propolis versus other herbal scolicidal agents 

are its antioxidant, immunostimulatory and hepatoprotective 

properties[44,45]. Additionally, there is little concern regarding the 

toxic or intensive adverse effects of propolis. Our study of acute 

toxicity showed that the ethanolic propolis extract had an LD50 

higher than 4 000 mg/kg of mice. Indeed, all the animals had a 

similar behavior and appearance, and they didn’t show any adverse 

iNOS expression

NF-κB expression

TNF-α expression

Ctrl group CE group CE+EEP group

A B C

D E F

G H I

Figure 6. Representative pictures of immunofluorescence essay results. 

Mice spleen tissues were stained with anti-iNOS (A-C), anti p50 NF-κB (D-F) subunit and TNF-α (G-I). (A, D, G) PBS group, (B, E, H) CE group, (C, F, I) 

EEP group. WP: White pulp; RP: Red pulp. The arrows indicated a high staining of iNOS, NF-κB/p50 and TNF-α in CE group; (×30 magnification).
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changes throughout the acute toxicity test duration. These results 

indicated that EEP’s safety margin was high as the mice EEP 

tolerance exceeded 4 000 mg/kg of extract given orally. Arvouet-

Grand et al have shown in their study that propolis has a low toxicity 

in mice with an LD50 ranging from 2 000 to 7 300 mg/kg[46]. In 

addition, Mohammadzadeh et al also reported that the use of 20 000 

mg/kg dose of propolis extract did not cause any death or toxicity in 

Wistar rats[47]. 

  In our present work, we also focused on the anti-inflammatory 

effect of EEP treatment during experimental hydatidosis. We 

reported for the first time that CE increases, in spleen tissue, TNF-α, 

NF-κB and iNOS expression during E. granulosus infection. This 

expression was associated with high NO levels. Similar observations 

found in the liver have previously been reported by Labsi et 

al. Indeed, TNF-α, NF-κB and iNOS expression increased in 

Kupffer and hepatocytes cells of hepatic hydatid cysts of mice[48]. 

In addition, the involvement of iNOS pathway was reported in 

hydatidosis and several protozoan and helminthic diseases[49-52].

  Remarkably, oral administration of EEP decreased the 

immunoreactivity of TNF-α, NF-κB and iNOS in the spleen tissues 

of treated mice in comparison with untreated ones. Concomitantly, 

EEP treatment caused an important systemic decrease in NO and 

TNF-α levels. These results are associated with the reduction of 

CE development. It is possible that, after treatment, the inhibition 

of hydatid cysts growth induced the attenuation of immune cells 

response.

  To our knowledge, this work is the first to show that administration 

of Algerian propolis attenuated inflammation during experimental 

hydatidosis. The anti-inflammatory effect of propolis in CE appears 

to be tightly related to the inhibition of the NF-κB pathway. It is well 

known that iNOS expression and NO production are mostly induced 

in macrophage via NF-κB by LPS, TNF-α and IL-1β[53,54].

  The anti-inflammatory effects of propolis have been investigated 

in many in vivo and in vitro studies. Ertürküner SP et al showed that 

propolis treatment caused a significant reduction of ciliary body 

NF-κB/p65 expression and TNF-α level in LPS-induced uveitis[55]. 

Wang et al have demonstrated that propolis collected from China 

reduced the LPS-induced NF-κB expression by the inhibition of IkB 

phosphorylation which led to the TNF-α level decrease[56]. It has 

been also reported by Al Ghamdi et al that the oral administration of 

propolis to diabetic mice significantly decreased the plasma TNF-α 

level[57].

  It has been shown that propolis has known antioxidant properties 

and the extracts obtained from this natural product are able to 

scavenge RL and ROS like hydroxyl radicals and superoxide 

anions[58]. In addition, the literature reports that the antioxidant effect 

of propolis could be related to its flavonoids and phenolic content[59]. 

Our data showed that polyphenolics and flavonoids concentration 

was high in EPP of Algeria. It also showed a high DPPH free radical 

scavenging activity with an IC50 value of 74.29 μg/mL. Several teams 

have reported a correlation between EEP radical scavenging activity 

and the concentration of polyphenolic compounds[60,61]. Our results 

indicated that the propolis obtained from El Bayadh region has 

higher total polyphenolic content (210.50 mg/g) compared with other 

propolis extracts from the Algerian north-western regions[62]. In fact, 

Benhanifia et al have found that total polyphenol contents of EEP 

collected from 5 regions of north-western Algeria varied between 

9.99 mg/g and 46.63 mg/g. These differences may be attributed to 

the botanical origin, the harvest year and environmental hives[63]. 

In addition, our results corroborate previous findings that reported 

the polyphenol concentrations in propolis obtained from various 

countries; Brazil: 232 mg/g[64], China: 43-302 mg/g[65], India: 159-

269 mg/g and Iran: 31-187 mg/g[66,67].

  Moreover, we explored the effect of ethanolic propolis extract on the 

hydatid cyst protoscoleces in various concentrations and over different 

time periods. Our study’s results showed that the highest scolicidal 

activity was observed at the concentration of 25 mg/mL because 100% 

of mortality has been obtained in less time (10 min). In addition, 

all the protoscoleces were killed after 60 and 30 min of exposure to 

EPP at the concentrations of 5 mg/mL and 10 mg/mL, respectively. 

Therefore, we notice that the increase in EEP concentrations induced 

higher protoscolicidal activity.

  The protoscolicidal effect of many plants has been reported in several 

studies. Indeed, Moazeni et al demonstrated that 100% of mortality 

was obtained when protoscoleces were exposed to 25 mg/mL of 

garlic methanolic extract for 60 min[68]. Moreover, Sambucus 

ebulus extract with a concentration of 100 mg/mL killed 98.6% of 

the protoscolices after 60 min of application[69]. However, in our 

study, 100% of mortality was observed after only 10 min of EEP 

application at the concentration of 25 mg/mL. These results suggest 

that EEP can constitute a source of new compounds that could be 

used as an effective scolicidal agent. Thus, we can conclude that 

EEP could be considered as a safe and potent scolicidal agent used 

in hydatid cyst surgery.

  Collectively, our study is the first report demonstrating with interest 

the antihydatic and immunomodulatory effects of the Algerian 

EEP, suggesting its possible therapeutic role in hydatid disease 

treatment. Additional research is needed to fully clarify the exact 
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mechanism by which Algerian propolis exerts its antihydatic and 

immunomodulatory effects.

Conflict of interest statement

  The authors declare that they have no conflict of interest.

Acknowledgement

  The authors wish to thank the surgical and technical staff of the 

Mustapha Pacha Hospital, Department of Thoracic Surgery of 

Algiers for providing cyst samples. We are grateful to the Thematic 

Research Agency in Health Sciences ATRSS (ex ANDRS), which 

supported our project (project manager: Dr. Mezioug Dalila;  

contract No: N曘59/DFPR/ATRSS).

References 

[1]  World Health Organization (WHO) informal working group on 

Echinococcosis. Bull WHO 1996; 74: 231-242.

[2]  Eckert J, Deplazes P. Biological, epidemiological, and clinical aspects 

of Echinococcosis, a zoonosis of increasing concern. Clin Microbiol Rev 

2004; 17(1): 107-135.

[3]  Dinkel A, Njoroge EM, Zimmermann A, Wälz M, Zeyhle E, Elmahdi 

IE, et al. A PCR system for detection of species and genotypes of the 

Echinococcus granulosus-complex, with reference to the epidemiological 

situation in eastern Africa. Int J Parasitol 2004; 34(5): 645-653.

[4]  Ammann RW, Eckert JC. Cestodes. Echinococcus. Gastroenterol Clin North 

Am 1996; 25(3): 655-689.

[5]   Siracusano A, Ortona E, Riganò R. Molecular and cellular tools in human 

cystic echinococcosis. Curr Drug Targets Immune Endocr Metabol Disord 

2002; 2(3): 235-245.

[6]   Mezioug D, Touil-Boukoffa C. Cytokine profile in human hydatidosis: 

Possible role in the immunosurveillance of patients infected with 

Echinococcus granulosus. Parasite 2009; 16(1): 57-64.

[7]  Mezioug D, Touil-Boukoffa C. Interleukin-17A correlates with 

interleukin-6 production in human cystic echinococcosis: A possible 

involvement of IL-17A in immunoprotection against Echinococcus 

granulosus infection. Eur cytokine Netw 2012; 23(3): 112-119.

[8]  Adas G, Arikan S, Kemik O, Oner A, Sahip N, Karatepe O. Use of 

albendazole sulfoxide albendazole sulfone, and combined solutions as 

scolicidal agents on hydatid cysts (in vitro study). World J Gastroenterol 

2009; 15(1): 112-116.

[9]  Walker M, Rossignol JF, Torgerson P, Hemphill A. In vitro effects of 

nitazoxanide on Echinococcus granulosus protoscoleces and metacestodes. 

J Antimicrob Chemother 2004; 54(3): 609-616.

[10] Gavara CGI, López-Andújar R, Belda Ibáñez T, Ramia Ángel JM, Moya 

Herraiz A, Orbis Castellanos F, et al. Review of the treatment of liver 

hydatid cysts. World J Gastroenterol 2015; 21(1): 124-131.

[11] Harris JC, Plummer S, Turner MP, Lloyd D. The microaerophilic 

flagellate Giardia intestinalis: Allium sativum (garlic) is an effective 

antigiardial. Microbiology 2000; 146(12): 3119-3127.

[12] Moazeni M, Larki S, Saharkhiz MJ, Oryan A, Ansary Lari M, Mootabi 

Alavi A. In vivo study of the efficacy of the aromatic water of Zataria 

multiflora on hydatid cysts. Antimicrob Agents Chemother 2014; 58(10): 

6003-6008.

[13] AlGabbani Q, Mansour L, Elnakady YA, Al-Quraishy S, Alomar S, Al-

Shaebi EM, et al. In vivo assessment of the antimalarial and spleen-

protective activities of the Saudi propolis methanolic extract. Parasitol 

Res 2017; 116(2): 539-547.

[14] Sforcin JM. Biological properties and therapeutic applications of 

propolis. Phytother Res 2016; 30(6): 894-905.

[15] Dimov V, Ivanovska N, Manolova N, Bankova V, Nikolov N, Popov 

S. Immunomodulatory action of propolis, influence on anti-infectious 

protection and macrophage function. Apidologie 1991; 22(2): 155-162.

[16] Sforcin JM, Fernandes A Jr, Lopes CA, Bankova V, Funari SR. Seasonal 

effect on Brazilian propolis antibacterial activity. J Ethnopharmacol 2000; 

73(1-2): 243-249.

[17] Castro ML, Cury JA, Rosalen PL, Alencar SM, Ikegaki M, Duarte S, Koo 

H. Propolis from Southeastern and Northeastern of Brazil: The influence 

of seasonality in antibacterial activity and phenolic composition. Quim 

Nova 2007; 30(7): 1512-1516.

[18] Bankova V, Dyulgerov A, Popov S, Evstatieva L, Kuleva L, Pureb O, et 

al. Propolis produced in Bulgaria and Mongolia: Phenolic compounds 

and plant origin. Apidologie 1992; 23(1): 79-85.

[19] Gómez-Caravaca AM, Gómez-Romero M, Arráez-Román D, Segura-

Carretero A, Fernández-Gutiérrez A. Advances in the analysis of phenolic 

compounds in products derived from bees. J Pharmac Bio Anal 2006; 

41(4): 1220-1234.

[20] Kartal M, Yildiz S, Kaya S, Kurucu S, Topcu G. Antimicrobial 

activity of propolis samples from two different regions of Anatolia. J 

Ethnopharmacol 2003; 86(1): 69-73.

[21] Bankova V, Christov R, Kujumgiev A, Marcucci MC, Popov S. Chemical 

composition and antibacterial activity of Brazilian propolis. Z Naturforsch 

C 1995; 50(3-4): 167-172.

[22] Borrelli F, Maffia P, Pinto L, Ianaro A, Russo A, Capasso F, et al. 

Phytochemical compounds involved in the anti-inflammatory effect of 



115Nahla Deghbar et al./Asian Pacific Journal of Tropical Medicine 2019; 12(3): 106-116

propolis extract. Fitoterapia 2002; 73(Suppl 1): S53-S63.

[23] Russo A, Longo R, Vanella A. Antioxidant activity of propolis: role of 

caffeic acid phenethyl ester and galangin. Fitoterapia 2002; 73(Suppl 1): 

S21- S29.

[24] Seo KW, Park M, Song YJ, Kim SJ, Yoon KR. The protective effects of 

propolis on hepatic injury and its mechanism. Phytother Res 2003; 17(3): 

250-253.

[25] Teerasripreecha D, Phuwapraisirisan P, Puthong S, Kimura K, Okuyama 

M, Mori H, et al. In vitro antiproliferative/cytotoxic activity on cancer 

cell lines of a cardanol and a cardol enriched from Thai Apis mellifera 

propolis. BMC Complement Altern Med 2012; 30: 12-27.

[26] Freires IA, Queiroz VC, Furletti VF, Ikegaki M, de Alencar SM, Duarte 

MC, et al. Chemical composition and antifungal potential of Brazilian 

propolis against Candida spp. J Mycol Med 2016; 26(2): 122-132.

[27] Falcão SI, Vale N, Cos P, Gomes P, Freire C, Maes L, et al. In vitro 

evaluation of Portuguese propolis and floral sources for antiprotozoal, 

antibacterial and antifungal activity. Phytother Res 2014; 28(3): 437-743.

[28] Olayemi KI. Therapeutic potentials of Nigerian insect-propolis against 

malarial parasite, Plasmodium bergei (Haemosorida plasmodidae). Am J 

Drug Discov Dev 2014; 4(4): 241-247.

[29] da Silva SS, Mizokami SS, Fanti JR, Miranda MM, Kawakami NY, 

Teixeira FH, et al. Propolis reduces Leishmania amazonensis-induced 

inflammation in the liver of BALB/c mice. Parasitol Res 2016; 115(4): 

1557-1566.

[30] Mohamed AH, El-Nabi SEH, Bayomi AE, Abdelaal AA. Effect of 

bee venom or propolis on molecular and parasitological aspects of 

Schistosoma mansoni infected mice. J Parasit Dis 2016; 40(2): 390-400.

[31] Baltas N, Yildiz, O, Kolayli, S. Inhibition properties of propolis extracts 

to some clinically important enzymes. J Enzyme Inhib Med Chem 2016; 

31(Suppl 1): 52-55.

[32] Zongo C, Savadogo A, Ouattara L, Bassole IHN, Ouattara CAT, Ouattara 

AS, et al. Polyphenols content, antioxidant and antimicrobial activities of 

Ampelocissus grantii (Baker) Planch (Vitaceae): A medicinal plant from 

Burkina Faso. Int J Pharmacol 2010; 6(6): 880-887.

[33] Quettier-Deleu C, Gressier B, Vasseur J, Dine T, Brunet C, Luyckx 

M, et al. Phenolic compounds and antioxidant activities of buckwheat 

(Fagopyrum esculentum Moench) hulls and flour. J Ethnopharmacol 2000; 

72(1-2): 35-42.

[34] Wang H, Gao XD, Zhou GC, Cai L, Yao WB. In vitro and in vivo 

antioxidant activity of aqueous extract from Choerospondias axillaris fruit. 

Food Chem 2008; 106(3): 888-895.

[35] Urrea-París MA, Moreno MJ, Casado N, Rodríguez-Caabeiro F. 

Relationship between the efficacy of praziquantel treatment and the 

cystic differentiation in vivo of Echinococcus granulosus metacestode. 

Parasitol Res 2002; 88(1): 26-31.

[36] Rice-Evans CA, Miller NJ. Antioxidant activities of flavonoids as 

bioactive components of food. Biochem Soc Trans 1996; 24(3): 790-795.

[37] Kohansal MH, Nourian A, Rahimi MT, Daryani A, Spotin A. Ahmadpour 

E. Natural products applied against hydatid cyst protoscolices: A review 

of past to present. Acta Trop 2017; 19: 385-394.

[38] Pontin K, da Silva Filho AA, Santos FF, Silva ML, Cunha WR, 

Nanayakkara NP, et al. In vitro and in vivo antileishmanial activities of a 

Brazilian green propolis extract. Parasitol Res 2008; 103(3): 487-492.

[39] Omar RM, Igoli J, Gray AI, Ebiloma GU, Clements C, Fearnley J, et 

al. Chemical characterisation of Nigerian red propolis and its biological 

activity against Trypanosoma brucei. Phytochem Anal 2016; 27(2): 107-

115.

[40] Mahmoud TY, Rizk SM, Maghraby AS, Shaheen AA. Propolis enhances 

the effectiveness of praziquantel in experimental schistosomiasis: 

Biochemical and histopathological study. Parasitol Res 2014; 113(12): 

4513-4523.

[41] Afrouzan H, Zakeri S, Abouie Mehrizi A, Molasalehi S, Tahghighi A, 

Shokrgozar MA, et al. Anti-plasmodial assessment of four different 

Iranian propolis extracts. Arch Iran Med 2017; 20(5): 270-281.

[42] Hajhashemi V, Ghannadi A, Pezeshkian SK. Antinocicieptive and anti-

inflammatory effects of Satureja hortensis L. extracts and essential oil. J 

Ethnopharmacol 2002; 82(2-3): 83-87.

[43] Soltani EK, Cerezuela R, Charef N, Mezaache-Aichour S, Esteban 

MA, Zerroug MM. Algerian propolis extracts: Chemical composition, 

bactericidal activity and in vitro effects on gilthead seabream innate 

immune responses. Fish Shellfish Immunol 2017; 62: 57-67.

[44] Wali AF, Avula B, Ali Z, Khan IA, Mushtaq A, Rehman MU, et al. 

Antioxidant, hepatoprotective potential and chemical profiling of 

propolis ethanolic extract from Kashmir Himalaya region using UHPLC-

DAD-QToF-MS. Biomed Res Int 2015; 2015: 393462.

[45] El-Aidy WK, Ebeid AA, Sallam Ael-R, Muhammad IE, Abbas AT, 

Kamal MA, et al. Evaluation of propolis, honey, and royal jelly in 

amelioration of peripheral blood leukocytes and lung inflammation in 

mouse conalbumin-induced asthma model. Saudi J Biol Sci 2015; 22(6): 

780-788.

[46] Arvouet-Grand A, Lejeune B, Bastide P, Pourrat A, Legret P. Subacute 

toxicity and cutaneous primary irritation index. J Pharm Belgique 1993; 

48: 165-170.

[47 Mohammadzadeh S, Shariatpanahi M, Hamedi M, Ahmadkhaniha 

A, Samadi N, Ostad SN. Chemical composition, oral toxicity and 

antimicrobial activity of Iranian propolis. Food Chem 2007; 103(4): 1097-

1103.

[48] Labsi M, Khelifi L, Mezioug D, Soufli I, Touil-Boukoffa C. Antihydatic 

and immunomodulatory effects of Punica granatum peel aqueous extract 

in a murine model of echinococcosis. Asian Pac J Trop Med 2016; 9(3): 



116 Nahla Deghbar et al./Asian Pacific Journal of Tropical Medicine 2019; 12(3): 106-116

211-220. 

[49] Vespa GNR, Cunha FQ, Silva JS. Nitric oxide is involved in control of 

Trypanosoma cruzi induced parasitemia and directly kills the parasite in 

vitro. Infect Immunol 1994; 62(11): 5177-5182.

[50] James LS. Role of nitric oxide in parasitic infections. Microbiol Rev 1995; 

59(4): 533-547.

[51] Antsey NM, Weinberg JB, Hassanali MY. Nitric oxide in Tanzanian 

children with malaria: Inverse relationship between malaria severity and 

nitric oxide production/nitric oxide synthase type 2 expression. J Exp 

Med 1996; 184(2): 557-567.

[52] Touil-Boukoffa C,  Bauvois B, Sancéau J, Hamrioui B,  Wietzerbin J. 

Production of nitric oxide (NO) in human hydatidosis: Relationship 

between nitrite production and interferon-γ levels. Biochimie 1998; 

80(8-9): 739-744.

[53] Aktan F. iNOS-mediated nitric oxide production and its regulation. Life 

Sci 2004; 75(6): 639-653.

[54] Kleinert H, Pautz A, Linker K, Schwarz PM. Regulation of the expression 

of inducible nitric oxide synthase. Eur J Pharmacol 2004; 500(1-3): 255-

266.

[55] Ertürküner SP, Yaprak Saraç E, Göçmez SS, Ekmekçi H, Öztürk ZB, 

Seçkin, et al. Anti-inflammatory and ultrastructural effects of Turkish 

propolis in a rat model of endotoxin-induced uveitis. Folia Histochem 

Cytobiol 2016; 54(1): 49-57.

[56] Wang K, Ping S, Huang S, Hu L, Xuan H, Zhang C, et al. Molecular 

mechanisms underlying the in vitro anti-inflammatory effects of 

flavonoid-rich ethanol extract from Chinese propolis. Evid Based 

Complement Alternat Med 2013; 2013: 127672.

[57] Al Ghamdi AA, Badr G, Hozzein WN, Allam A, Al-Waili NS, Al-

Wadaan MA, et al. Oral supplementation of diabetic mice with 

propolis restores the proliferation capacity and chemotaxis of B and T 

lymphocytes towards CCL21 and CXCL12 by modulating the lipid profile, 

the pro-inflammatory cytokine levels and oxidative stress. BMC Immunol 

2015; 16: 54.

[58] Banskota AH, Tezuka Y, Kadota S. Recent progress in pharmacological 

research of propolis. Phytother Res 2001; 15(7): 561-571.

[59] Boufadi YM, Soubhye J, Riazi A, Rousseau A, Vanhaeverbeek M, Nève 

J, et al. Characterization and antioxidant properties of six Algerian 

propolis extracts: Ethyl acetate extracts inhibit myeloperoxidase activity. 

Int J Mol Sci 2014; 15(2): 2327-2345.

[60] Ivanauskas L, Jakstas V, Radusiene J, Lukosius A, Baranauskas A. 

Evaluation of phenolic acids and phenylpropanoids in the crude drugs. 

Medicina (Kaunas) 2008; 44(1): 48-55. 

[61] Kumazawa S, Nakamura J, Murase M, Miyagawa M, Ahn MR, 

Fukumoto S. Plant origin of Okinawan propolis: Honeybee behavior 

observation and phytochemical analysis. Naturwissenschaften 2008; 

95(8): 781-786.

[62] Benhanifia M, Mohamed WM, Bellik Y, Benbarek H. Antimicrobial and 

antioxidant activities of different propolis samples from north-western 

Algeria. Int J Food Sci Technol 2013; 48(12): 2521-2527.

[63] Blasa M, Candiracci M, Accorsi A, Piacentini MP. Raw millefiori honey 

ispacked full of antioxidants. Food Chem 2006; 97(2): 217-222.

[64] Alencar SM, Oldoni TLC, Castro ML, Cabral ISR, Costa-Neto CM, Cury 

JA, et al. Chemical composition and biological activity of a new type of 

Brazillian propolis: Red propolis. J Ethnopharmacol 2007; 113(2): 278-

283.

[65] Ahn MR, Kumazawa S, Usui Y, Nakamura J, Matsuka M, Zhu F, et al. 

Antioxidant activity and constituents of propolis collected in various 

areas of China. Food 2007; 101(4): 1383-1392.

[66] Laskar RA, Sk I, Roy N, Begum NA. Antioxidant activity of Indian 

propolis and its chemical constituents. Food Chem 2010; 122(1): 233-

237.

[67] Mohammadzadeh S, Sharriatpanahi M,  Manoochehr H, Amanzadeh Y, 

Ebrahimi SES, Ostad SN. Antioxydant power of Iranian propolis extract. 

Food Chem 2007; 103(3): 729-733.

[68] Moazeni M, Nazer A. In vitro effectiveness of garlic (Allium sativum) 

extract on scolices of hydatid cyst. World J Surg 2010; 34(11): 2677-

2681.

[69] Gholami SH, Rahimi-Esboei B, Ebrahimzadeh MA, Pourhajibagher M. 

In vitro effect of Sambucus ebulus on scolices of Hydatid cysts. Eur Rev 

Med Pharmacol Sci 2013; 17(13): 1760-1765.


