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ABSTRACT  
The objective of the present study is to determine the acute toxicity of aqueous extracts of Salvia officinalis 

against the snail Lymnaea auricularia, which is considered as the intermediate snail host of Fascioliasis. About 720 

snails were used for the experiments. The LD50, LD100 and Dose-Response relationships of S. officinalis against 

the snail L. auricularia was calculated. The S. officinalis extracts concentrations were found to be potent against L. 

auricularia. The results of 96 hr-LD50 and LD100 of S. officinalis extract against the target snail were 6.6±1.1 and 

18.4±3.4 g/L respectively. It was observed that the toxicity of different preparation for snails was both time and 

dose-dependent. The study suggested that the aquatic extract of S. officinalis could be used as a control substance 

for the target snail.  
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INTRODUCTION 

Fascioliasis is a disease caused by two known 

species of parasitic flatworms (Trematodes) that 

affect the liver of humans and animals. It is a zoo-

nosis, which means that the infection may be tran- 

smitted to humans from an animal. The liver fluke 

or sheep liver fluke Fasciola hepatica and Fasci-

ola gigantica cause Fascioliasis. Fascioliasis is an 

important veterinary disease in animals particula-

rly sheep and cattle. However, in human, it consi-

ders as a secondary disease (CDC 2013, Jacob 

2015). 

Fascioliasis is distributed in South America, 

Northern Africa, Iran, and Western Europe (John-

ston 2015). WHO was made an estimation, which 

56 million humans were infected with one or more 

foodborne trematodes in the world (WHO 2016). 

In addition, there are 7071 Fascioliasis human 

cases reviewed from 51 countries in America, 

Europe, Africa, and Asia (Adnan Alatoom 2008, 

Madsena 2015). A prevalence of fascioliasis was 

reported in Peru and Bolivian Altiplano, (15.64% 

and 34.2%, respectively). In addition, the preva-

lence of fascioliasis was reported in Portugal, 

Egypt, Peru and Puerto Rico, (3.2%, 7.3%, 8.7%, 

and 10.9%, respectively) (Mas-Coma 1999, 

Soliman 2008, Jahangir Abdi 2013). However, 

low prevalence of fascioliasis was reported in Fra-

nce and Corsica, (0.34±3.1 and 0.83±1.16, respec-

tively) (Periago 2008). Other previous reports 

demonstrated the increasing of Fascioliasis from 

1970 to 1990 as 2594 cases, which were recorded 

in 42 countries (Mas-Coma 1999). High prevale- 

nce of fascioliasis was recorded in children under  

than 15 years old of age (Vicente Maco 2015, 

Helena Gretera 2016).  

The reservoir host of fascioliasis parasites inc-

ludes domestic and wild animals as sheep, cattle, 

pigs, donkeys and black rats (Mas-Coma 2005). 

Lymnaea (Mollusca: Gastropoda) was recorded 

such intermediate host of Fasciola hepatica and 

Fasciola gigentica in Iraq (Osama 2009). Lymna-

eidae is used in control studies; because of its role 

in Fascioliasis endemics (Mas-Coma 2004). The 

L. auricularia snail is spreading in the central and 

southern provinces of Iraq and considered as an 

intermediate host for F. gigentica (Wajdi and Nas-

sir 1983). The prevalence of this snail is depends 

on many physicochemical factors such nitrates 

(NO3), chloride (Cl), magnesium (Mg), bicarbon-

ate (HCO3), calcium (Ca) and sulphate (SO4) 

(Raut 1996). The L. truncate snail is the interme- 

diate host of fascioliasis in Europe, South Ame-

rica and Bolivia (Bargues 1997, Bargues 1998). 

Biomphalaria alexandrina is another intermediate 

snail host that belongs to the Planorbidae family 

was recorded In Egypt  (Osman, Rashwan et al., 

1995).  

Fascioliasis controlling, which was by done 

by using molluscicides plant origin, has wide app-

lications; but the safety of the environment must 

be taken into its considerations (Barnes 2002). 

Another study suggested that Thymus capitatus 

has molluscicidal activity on adult and eggs of 

Biomphalaria alexandrina. The potential substa-

nce thymol of the thyme has an effective role on a 

terrestrial snail Subulina octona. While, others 

evaluated the molluscicidal activity of Salvia offi-

cinalis plant extracts against Lymnaea auricularia 

and Nerium oleander plant extracts against Buli-

nus truncatus snails (Khdier 2012, Al-Obaidi 

2016). The aim of this study is to evaluate the 

molluscicidal activity of Salvia officinalis plant 

http://www.pjbt.org/
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extracts against the snail L. auricularia and expl-

ore the possibility of its effect in fascioliasis 

control. 
 

MATERIAL AND METHODS 

Collection of samples and preparing of solute- 

ons: This study was carried out during 2017 at the 

Tropical Biological Research Unit laboratories, 

College of Science, University of Baghdad, Iraq. 

The collection of Lymnaea auricularia snails was 

during the period from June to August 2016. The 

collection site was in Al-Rasheed district (30km) 

south Baghdad. The coordinates of the site are 

(33º32’83) longitude and (44º25’37) latitude. The 

snails were collected from a small irrigation canal 

branched from the main canal called (Muhyii 

Canal). Zooplankton net and laboratory steel spo-

on were used for collecting the snails, then the 

snails were kept in 5 Liters plastic containers with 

a perforated lid filled with a quantity of river 

water. The snails were fed with alfa alfa leaves 

extracts (10 milliliters per 50 Liters daily). The 

collected snails were isolated and identified 

according to standard keys of snails, then they are 

acclimatized to laboratory conditions (T: 25°C± 3) 

before testing. S. officinalis leaves extracts were 

prepared, concentrated, dried by a shade, shredded 

by a hand mill (Estrella®, model 41B) and electric 

mill (Moulinex®), sifted through a mesh (number 

30), and kept in a cool, dry place (Guo-qing 

2012).  

Five and Ten milligrams of S. officinalis leafs 

powder were macerated in one liter of distilled 

water (DW) for 24 hours and placed in glass fla-

sks. The macerate was filtered through cotton gau-

zes in a plastic funnel to get crude extracts. Stock 

solution (SS) was prepared by adding 5 milli-

grams to 1000 milliliters of distilled water to get 

5% (0.05) concentration and a serial of dilutions 

were made from this SS.  

Bioassays and Treatments: A serial of 1-5% 

concentrations was prepared from each SS (5 mg 

and 10 mg/L). Ten individuals of Lymnaea auri-

cularia snail were tested in each replicate and the 

average was calculated. All tests were repeated 

three times at different times. The WHO method 

(II) for testing of molluscicides was used in this 

study. Exposure and recovery periods for 24 hours 

was depended on the all tests (Sukumaran 2004). 

Bioassays were conducted in the laboratory. The 

effects of aquatic extracts were applying different 

methods on snails of Lymnaea auricularia. Bio-

assays evaluated the parameters that included 

ED10, ED16, ED50, ED84, ED90, and ED100. 

Same parameters were performing to LD for each 

period exposure (24, 48, 72 and 96 hours) 

(Heinrichs 1981). The results were recorded at the 

end of each 24-hour of exposure.Dead snails rem-

oved and recorded at 24, 48, 72, 96 hr. after each 

application. No movement, no response to stimu-

lation by the glass rod, no recovery after 24 hr. of 

putting in clean water and lack of the ability to 

adhere depending as the end point of experiments 

(Rand 1995). 

Statistical analysis: Regression analysis depen-

ding on the probit units used to calculate different 

levels of LD and ED by using the provider of 

SPSS (V. 24) and Biostat (V. 5) programs (Li, 

Xing et al., 2012, Soni and Singh 2015, Wang, 

Qin et al., 2016). The results corrected by Abbott 

equation, calculating with two analysis methods 

included Log of Dose and Dose, and relationships 

between Logarithm of concentrations and probit 

units plotted (WHO 2003). 
 

RESULTS AND DISCUSSION 

Mortality rates (SS- 5 &10mg/l of S. officena- 

lis): The results of the study were shown that the 

lowest value of mortality was 9 (probit percent 

0.264) and the highest value was 15 (probit per-

cent 0.4398) for SS (5 mg/L) experiments. No 

significant differences of concentrations effect on 

mortality rates (p = 0.8). The lowest value of mor-

tality was 6 (probit percent 0.2213) and the high-

est value was 9 (probit percent 0.3207) for SS (10 

mg/L) experiments. No significant differences of 

concentrations effect on mortality rates p=0.8 

(Table-1). A serial of doses and their percentile 

must use to get the percentile of mortality which 

recorded in the study was summarized below. 

These doses limited in range 0.0034-20, 481.6 mg 

/L of the SS-5 mg/L and 0.0176-23, 952.4 mg/L 

for SS-10 mg/L. The Dose, which needs to achi-

eve 50% mortality, is 8.3 mg/L for the SS-5 mg/L 

and 20.5mg/L for SS-10 mg/L. According to reg-

ression analysis, correction must make doses used 

in the experiments as it appears below with comp-

lete the series of doses (Table2). 

Table 1: Probit Analysis - Finney Method (Lognormal Distribution) for a mortality rate of L. auricularia snail exposed to 5 and 

10mg/l of S. officials extracts for 96 hours. 

Log10[Dose 

(Stimulus)] 

Actual 

(%) 

Probit 

(%) 
N R E(R) Difference 

Chi- 

square 

5 mg/L 

0. 0.3 0.264 30 9. 7.921 1.079 0.147 
0.301 0.3 0.3356 30 9. 10.0686 -1.0686 0.1134 
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0.4771 0.3 0.3807 30 10. 11.4211 -1.4211 0.1768 

0.6021 0.4 0.4137 30 12. 12.4123 -0.4123 0.0137 

0.699 0.5 0.4398 30 15. 13.1944 1.8056 0.2471 

10 mg/L 

0.301 0.2 0.2213 30 6. 6.6401 -0.6401 0.0617 

0.4771 0.3 0.2630 30 9. 7.8905 1.1095 0.156 

0.6021 0.3 0.2948 30 9. 8.8455 0.1545 0.0027 

0.699 0.3 0.3207 30 9. 9.621 -0.621 0.0401 

5 mg/L 10 mg/L 

Chi-square                        0.698 0.2605 

Degrees Of Freedom               3 2 

P-level                             0.8737 0.8779 

Alpha value (for confidence interval)  0.001 
 

Table 2: Dose percentile of mortality rates of L. auricularia exposed to 5mg/l S. officinalis for 96hr. 

% 
Probit 

(Y) 

Log10 

Dose 
SE Dose SE LCL UCL 

5 mg/L 

1 2.6732 -2.4719 1.8397 0.0034 0.1166 0. 13.6136 

5 3.3548 -1.4784 1.2149 0.0332 0.2715 0.0001 7.9939 

10 3.7183 -0.9486 0.8836 0.1126 0.4231 0.0021 6.0703 

16 4.0056 -0.5298 0.6245 0.2953 0.5868 0.0176 4.9452 

20 4.1585 -0.3068 0.489 0.4934 0.6806 0.0543 4.4841 

25 4.3258 -0.063 0.346 0.8649 0.7644 0.1815 4.1227 

30 4.476 0.1559 0.2302 1.4319 0.795 0.5066 4.0468 

40 4.7471 0.551 0.1719 3.5566 1.4446 1.6374 7.7252 

50 5. 0.9197 0.3467 8.3123 7.3646 1.7382 39.751 

60 5.2529 1.2884 0.5653 19.4271 33.0616 1.5147 249.1595 

70 5.524 1.6835 0.8087 48.2539 151.5486 1.2548 1,855.6963 

75 5.6742 1.9025 0.9449 79.8828 347.3174 1.123 5,682.3475 

80 5.8415 2.1463 1.0973 140.0463 870.5616 0.9897 19,817.9889 

84 5.9944 2.3692 1.2371 234.0139 2,013.0123 0.8801 62,222.4803 

90 6.2817 2.788 1.5002 613.8119 9,700.143 0.7041 535,107.2924 

95 6.6452 3.3179 1.8338 2,079.0591 70,878.7595 0.5293 8,166,975.1676 

99 7.3268 4.3114 2.4603 20,481.6472 2,955,474.6759 0.3084 1,360,028,849.79 

10 mg/L 

1 2.6732 -1.7538 2.507 0.0176 2.8327 0. 1,445.276 

5 3.3548 -0.8555 1.5252 0.1395 2.3351 0.0001 136.1279 

10 3.7183 -0.3765 1.0043 0.4203 2.1018 0.0045 39.0901 

16 4.0056 0.0022 0.5982 1.0051 1.8657 0.0676 14.9518 

20 4.1585 0.2038 0.3899 1.5988 1.6362 0.2752 9.2902 

25 4.3258 0.4242 0.1971 2.6561 1.2475 1.0911 6.466 

30 4.476 0.6222 0.192 4.1897 1.913 1.7616 9.9648 

40 4.7471 0.9794 0.5213 9.5376 14.4039 0.907 100.2909 

50 5. 1.3128 0.8763 20.5489 75.9124 0.3938 1,072.3517 

60 5.2529 1.6461 1.2375 44.2729 381.1672 0.1662 11,791.4983 

70 5.524 2.0034 1.6267 100.7837 2,132.2432 0.0653 155,510.2747 

75 5.6742 2.2013 1.8429 158.9747 5,534.2701 0.0388 650,605.4446 

80 5.8415 2.4218 2.0838 264.105 16,014.5053 0.0218 3,206,399.7399 

84 5.9944 2.6234 2.3043 420.1219 42,327.6378 0.0128 13,796,933.5953 

90 6.2817 3.002 2.7187 1,004.6815 262,839.8943 0.0047 214,126,062.6977 

95 6.6452 3.4811 3.2433 3,027.4471 2,650,555.8835 0.0013 6,885,350,072.4592 

99 7.3268 4.3793 4.2275 23,952.4319 202,214,047.6866 0.0001 4,626,295,359,968.58 
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LD 50 (LCL-UCL) of S. officinalis extracts for SS 

5 mg/L to the snail L. auricularia was 21.3 (13.3-

9.8) mg/L with standard errors for Dose and log 

Dose (7.3 and 0.3) respectively. According to the 

analysis of log of Dose used in the study, the Beta 

value was 0.6 with standard error 0.4 and intercept 

4.3. LD 50 (LCL-UCL) of S. officinalis extracts 

for SS 10 mg/L to was 20.5 (0.3-1072.3) mg/L 

with standard errors for Dose and log Dose (75.9 

and 0.8) respectively. According to the analysis of 

log of Dose used in the study, the Beta value was 

0.7 with standard error 0.8 and intercept 4 (Table 

3). The study was recorded the clear significant 

relationship between S. officinalis extracts and L. 

auricularia response represented by mortality 

rates. Increasing of Dose extracts was followed by 

increasing of mortality and increasing of the log 

of Dose was followed by increasing of the morta-

lity for 5 and 10 mg/L experiments (Figure 1). 

 

Table 3: The median lethal dose of L. auricularia snail exposed to 5 mg/L of S. officials extracts for 96 hours. 

5 mg/L 

LD50 21.3146 LD50 Standard Error 7.3646 

LD50 LCL 13.3134 LD50 UCL 39.751 

Log10[LD50] 1.3287 Standard Error 0.3467 

Beta 3.9401 Intercept 4.369 

Beta Standard Error 1.7356 
  

10 mg/L 

LD50 20.5489 LD50 Standard Error 75.9124 

LD50 LCL 0.3938 LD50 UCL 1,072.3517 

Log10[LD50] 1.3128 Standard Error 0.8763 

Beta 0.7588 Intercept 4.0039 

Beta Standard Error 0.8321   

 

 

 
Figure 1: The relationship between S. officinalis and the snail L. auricularia Response 

Table 4: The least squares of escaping activity numbers of L. auricularia exposed to S. officinalis Dose for 

96hr (Normal Distribution). 

Dose Actual (%) N Probit (Y) Weight (Z) 

5mg/l 

1. 0.3 30. 4.476 4.452 

2. 0.3 30. 4.476 4.452 

3. 0.3333 30. 4.5697 4.5697 

4. 0.4 30. 4.7471 4.7471 

5. 0.5 30. 5. 5. 

10 mg/L 
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The results of the study found that the Dose SS-5 

and SS-10 mg/L, which used in the experiments, 

was suitable to record the LD50. According to the 

least squares of mortality rates, the actual percent, 

probit, and weight of Dose used in the experime-

nts were suitable for determining the LD50 of ext-

racts to target snail (Table 4). LD50, 84, 90, and 

100 of S. officinalis extracts to snail L. auricularia 

were 5.5, 13, 15.1, and 16.8 mg/L respectively. 

The lower confident level of LD50 was 2.6 while 

upper one was 8.4 mg/L. According to probit ana-

lysis for Dose used in the study, the Beta value of 

regression line was 0.1 with SE 0.1 and intercept 

4.2. While for the SS-10 mg/L, the LD50, 84, 90 

and 100 were 10.1, 21.1, 24.2 and 26.6 mg/L resp-

ectively. The lower confident level of LD50 was 

5.3 while upper one was 14.6 mg/L. According to 

probit analysis for Dose used in the study, the 

Beta value of regression line was 0.09 with SE 0.2 

and intercept 4 (Table 5).  
 

Table 5: Different ED levels of escaping activity of L. auricularia exposed to S. officinalis (Dose-Response 

analysis)   

5mg/l 

LD10 -4.0112 Beta Standard Error 0.146 

LD16 -1.9018 Beta 0.1336 

LD50 5.5855 Intercept 4.254 

LD50 Standard Error 0.8646 LD84 13.0728 

LD50 LCL 2.6831 LD90 15.1822 

LD50 UCL 8.4878 LD100 16.8164 

10mg/l 

LD10 -4.02 Beta Standard Error                            0.2194 

LD16 -0.9141 Beta                            0.0907 

LD50 10.11 Intercept                            4.0829 

Standard Error 1.4232 LD84                            21.1341 

LD50 LD50 LCL 5.3079 LD90                            24.24 

LD50 UCL 14.9122 LD100                            26.6462 
 

Mortality rates do not appear in the first hours 

of exposure, which may indicate to the No Obser-

ved Effect Level (NOEL). Also, indicate killing 

all tested snails. Generally, the study reported that 

the increased concentration of stock solution foll-

owed by increasing of mortality rates. As well as, 

the increasing of exposure period followed by inc-

reasing of mortality rates. The results showed sig-

nificant differences of mortality rates in experim- 

ents comparatively compared to control group. 

Also, the complete death of snails did not mark in 

stock solution (5mg/L) experiments but the comp-

lete death was marked in stock solution (10mg/L) 

experiments. This finding agreed with previous 

finding, which showed a marked reduction in the 

survival rate of snails treated with concentrations 

of different plant extracts compared to control 

(Finney 1952). In addition, the present findings 

showed that these extracts were caused effect and 

death to snail of L. auricularia with dose and time 

dependent. These results agreed with other studies 

of using different concentration of T. tetraptera 

aquatic extract (15, 20, and 25mg/liter) in Nigeria 

(Ryan 2004, Benelli, Bedini et al., 2015, Nema 

2015, Wang and Wu 2015). In the present study, 

noticed that not removing of dead snails out of 

exposure media to avoid contamination risk; 

might affect on the reading of results. 

The estimation of mortality endpoints determ-

ined by the disability to attached, down bottom 

the beaker and no response to needle probe (Sutton 

1996). The mechanism of snail-killing extract is 

not known exactly and requires further studies. 

Some studies were suggested that the mortality 

occurred in snails due to the presence of toxic 

chemicals as wedel lactone (Vijay 2010), steroidal 

saponin Diosgenin (Tang, Yang et al., 2007), delt- 

onin and isodeltonin (Brimer, ElSheikh et al., 

2007), cardenolides (anti-feedings against snails) 

(Al-Sarar, Hussein et al., 2012). But, the mode of 

action of cardenolides was recorded in mammals 

as an inhibition of Na+, K+, ATPase and may 

cause cholinesterase inhibition in some organisms 

(Adewunmi, Oguntimein et al., 1990). Another 

author suggested an action mechanism of T. tetra- 

ptera compounds, as aridanin and serotonin on the 

2. 0.2 30. 4.1585 3.8171 

3. 0.3 30. 4.476 4.452 

4. 0.3 30. 4.476 4.452 

5. 0.3 30. 4.476 4.452 
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rhythmicity of the intestinal smooth muscle and 

slowing the heart of Biomphelaria glabrata snail 

(Aladesanmi, 2006). In addition, the exposure of 

Bulinus globosus, Biomphalaria glabrata and 

Physa waterlotti snails to T. tetraptera extract 

caused histopathological changes on tissues, so 

the epithelium was the primary affected by the 

molluscicide (Brackenbury 1999). 

CONCLUSIONS 

The study concluded that the extracts are 

effective against freshwater snails and can be used 

to control snails. The mode of action, chemical 

structure and other derivatives of these extracts 

should be studied and investigated more detail.  
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