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ABSTRACT 
 

The study's objectives were to investigate the acute toxicity and related 

biochemical effects of levamisole and ivermectin in mice. The 24 h oral median 

lethal dose (LD50) of levamisole was determined by the up-and-down method 

and was 155.5 mg/ kg of body weight. The treated mice showed signs of acute 

poisoning represented by excessive grooming, lacrimation, piloerection, straub 

tail, tachycardia, bulged eyes, tremor, convulsion and finally death within 24 h of 

treatment. The approximate lethal dose (ALD) of levamisole was 368 mg/kg, and 

the mice showed signs of poisoning similar to the previous signs of poisoning 

within 24 h of treatment. The 24 h oral LD50 of ivermectin was 115.2 mg/kg and 

the mice showed acute signs of poisoning, represented by excessive grooming, 

lacrimation, closed eyelids, piloerection, tachycardia, rapid respiration, 

depression, flat body appearance, paralysis and finally death within 24 h of 

treatment, while the approximate lethal dose of ivermectin was 121 mg/kg and 

also with the presence of severe poisoning signs as mentioned before. Non-lethal 

toxic doses of levamisole at 100 and 150 mg/kg and ivermectin at 75 and 100 

mg/kg led to significant blood biochemical changes after 24 h of treatment, 

represented by a significant increase in the activity of the enzymes alkaline 

phosphatase (ALP), lactate dehydrogenase (LDH), glutamate dehydrogenase 

(GDH), and a significantly increased total bilirubin concentration in the blood 

plasma of mice. These results proved the presence of acute toxicity and 

biochemical effects of both anthelmintics levamisole and ivermectin even though 

they have wide safety margins. 
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INTRODUCTION 
 

 Anthelmintics are drugs that are used against 

nematodes, trematodes, cestodes, and any parasitic 

organisms inside the body by killing them without 

causing any harm to the host (Abongwa et al., 2017). 

The mechanisms of action of these types of drugs 

vary depending on the type of drug. Levamisole is a 

synthetic imidazothiazole derivative widely used to 

treat worm infestations in both humans and animals 

due to its immunomodulatory properties (Campillo et 

al., 2022). 

 

Levamisole paralyzes worms by selectively 

activating the acetylcholine receptors of parasites, 

allowing the entry of Na+ and Ca2+ for excessive 

contraction of the muscles of the body, thereby 

causing paralysis due to its affinity for nicotinic 

receptors (Romine et al., 2014). Levamisole works to 

paralyse the parasite's muscles, then the worms are 

unable to attach to the mucous membranes, and are 

expelled through the intestine outside the body 

(Campillo et al., 2022). 

 

Nicotinic signs of levamisole poisoning are 

represented by increased defecation  and urination, 

anxiety, hyperesthesia, muscle tremor, and 

convulsions (Sharma et al., 2020).Ivermectin is a 

macrocyclic lactone isolated from the bacterium 

Streptomyces Avermitilis and it is commonly used 

against parasitic diseases in domestic and wild 

animals caused by roundworms, nematodes, and 

arthropods( Campbell, 2012). It has also been used 

against internal and external worms that affect cattle 

and birds (Bhardwaj et al., 2020; Khalaf, 2022). 

This drug can kill roundworms, intestinal worms, and 
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lungworms but does not affect flatworms or 

tapeworms (Pooda et al., 2015). 

 

Ivermectin acts as a GABA agonist that 

causes paralysis in sensitive arthropods and 

nematodes to increase the flow of Cl 
- 
through the cell 

membranes and stimulate the activity of GABA only 

in the central nervous system, ivermectin does not 

easily cross the blood-brain barrier of the host 

(Gupta et al., 2019). The harmful effects of 

ivermectin in mammals included abdominal pain, 

nausea, tachycardia, asthma, edematous swellings, 

itching, back pain, ocular problems, cardiac 

dysfunction, and liver disease (Kamgno et al., 2004). 

 

Levamisole and ivermectin are considered 

safe drugs to use in general, although some studies 

have proven the occurrence of toxic effects in the 

liver and bone marrow and that they may cause 

teratogenic effects in foetuses (Van Genderen, 

2008). Because of the widespread use of these drugs 

and the development of parasitic drug resistance in 

various animal species, especially sheep and goats 

(Kaplan & Vidyashankar, 2012). Due to the wide 

use of these anthelmintics, some toxic aspects of 

them have not been studied, and our interest was to 

study acute toxic effects and related biochemical 

changes induced by levamisole and ivermectin in 

mice. 
 

 

MATERIALS AND METHODS     

 Ethical approval 
The use of experimental animals and the 

trials were approved according to the ethical code 

number (UM-VET-2022.041) from the Scientific 

Council of the Department of Physiology, 

Biochemistry, and Pharmacology at the College of 

Veterinary Medicine, University of Mosul, Iraq. The 

study is part of a master's thesis. 
 

Animals 
Forty-one Swiss-derived male and female 

mice at the age of 2-3 months were used in this study. 

Their weights ranged between 20 and 38g. We raised 

mice in the animal house of the College of Veterinary 

Medicine, University of Mosul, and housed them 

under standard conditions characterized by 10–12 

hours of light and darkness at a temperature of 22 ± 2 

ºC. The mice were raised in special plastic cages 

prepared for this purpose and always provided with 

water and food, which were provided from local 

factories in the city of Mosul. 
 

Preparation of drugs 
Levamisole HCl (VAPCO, Jordan) doses 

were dissolved in 10 ml of distilled water for oral 

administration by gavage. Different doses of 

levamisole (100 and 150 mg/kg body weight) were 

given to evaluate the toxic effects of the drug. 

Ivermectin ( Pioneer Company, Sulaymaniyah, Iraq) 

was dissolved in 10 ml of propylene glycol (99%)( 

Sigma Chemicals, USA) (Trailovic and Nedeljkovic, 

2011) for oral dosing by a gavage needle. They gave 

different doses (75 and 100 mg/kg) to evaluate the 

toxic effects of the drug. 

 

Experimental design 

1.The median lethal dose (LD50)  of 

levamisole and ivermectin orally in mice by 

the up-and-down method (Dixon, 1980)  
We conducted many initial experiments on 

mice to obtain an appropriate dose that was selected 

for use in subsequent experiments on levamisole and 

ivermectin. 
 

1.1. LD50 of levamisole  
We use five mice (male and female) with 

body weights of 25–29 g. A dose of 300mg/kg of 

levamisole was selected as the first dose on the first 

day to determine the LD50, and then other mice were 

dosed with different doses of levamisole up and down 

to reach the LD50. After dosing, we recorded the 

signs of poisoning that appeared on the mice 

immediately, then read the result for each mouse 

individually after 24 h, then calculated the LD50 

based on tabular values (Dixon, 1980) and using the 

following equation: 

LD50 = xf+kd 

xf=the last dose used 

K= the tubular value. 

d = the amount of increase and decrease in the dose. 
 

1.2. LD50 of ivermectin 
We use five mice (male and female) with 

body weights of 29–38 g. A dose of (100 mg/kg) 

b.w.t. of ivermectin was selected as the first dose, and 

the test was conducted as described above. 
 

2. Approximate lethal dose (ALD) of 

levamisole and ivermectin, orally in mice by 

the Deichman method (DePass, 1989). 

2.1. ALD of levamisole in mice  
Four mice (male and female) with body 

weights of 25–32 g, were orally dosed with 

levamisole at a starting dose of (108 mg/kg,, and this 

dose represents approximately 70%  of the LD50 of 

levamisole. The mice were monitored within 2 h for 

any signs of poisoning. After 24 h, the results were 

read which represented the survival or death of the 

mouse, and when the mouse survived, another mouse 

was dosed with the previous lethal dose multiplied by 

1.5, and the same method was followed several times. 

The ALD of levamisole is the first dose that kills the 

treated mice (Hassan and Al-baggou, 2022). 
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2.2. ALD of ivermectin in mice  
Two mice (male and female) with body 

weights of 32–35 g, were orally dosed with 

ivermectin at a starting dose of 81 mg/kg, and this 

dose represents approximately 70%  of the LD50 of 

ivermectin. Afterward, the test was completed as 

described above to determine the ALD. 

 

3. Effects of non-lethal toxic doses of 

levamisole and ivermectin on the Alkaline 

phosphatase (ALP), Lactate dehydrogenase 

(LDH), Glutamate dehydrogenase (GDH) 

enzyme activity, and  
 

Total Bilirubin concentration in mice   
Twenty-five (male and female) mice with 

body weights of 28–36 g  were divided into 5 groups 

(5 mice per group) and then treated as follows: 
Group 1: the control group dosed with propylene 

glycol at 5 ml/kg b.w.t. and distilled water at 5 ml/kg, 

orally. 

Group 2: mice orally dosed with levamisole at 100 

mg/kg. 

Group 3: mice orally dosed with levamisole at 150 

mg/kg. 

Group 4: mice orally dosed with ivermectin at 75 

mg/kg. 

Group 5: mice orally dosed with ivermectin at 100 

mg/kg. 

 

After treatment, all the mice were monitored 

for 2 hours, and we recorded all the signs of 

poisoning that appeared on them. 24 h after treatment, 

we anaesthetized the mice with ether (Thomas Baker 

Limited, UK) and collected the blood from the 

venous plexus of the eye to obtain plasma to measure 

the activities of ALP and LDH and total bilirubin 

concentration) with commercial kits from( Biolabo, 

France, whereas the ELISA technique was used to 

measure the glutamate dehydrogenase( GDH) activity 

(Sunlong Biotech Co., Ltd., China). 

 

Statistical Analysis 
The parametric data were first subjected to a 

statistical analysis using the one-way analysis of 

variance (ANOVA) test, and then they were put 

through the least significant difference test (LSD) 

utilizing SPSS software version 20, with a significant 

difference level of (P ≤0.05). 

  
RESULTS 

 
 

1.1. Oral LD50 of levamisole  
LD50 of levamisole in mice was (155.5 

mg/kg) .Signs of poisoning are represented as 

excessive grooming, lacrimation, piloerection, 

straub tail, tachycardia, bulged eyes, tremor, 

convulsion, and finally death in highly toxic 

doses (Table 1). 
 

Table 1:  Oral LD50 of levamisole 
 

155.5 mg/kg orally LD50 of levamisole  

400-100=300 mg/kg b.wt 
Range of doses of 

levamisole 

300 mg/kg b.wt The first dose 

100 mg/kg b.wt The last dose 

100 mg/kg b.wt 
Up and down 

levamisole dose 

(5) oxxxx No. of mice 

Excessive grooming, 

lacrimation, piloerection, 

straub tail, tachycardia, 

bulged eyes, tremor, 

convulsion, death. 

Poisoning signs 

      X=Death       O=Survival 
 

1.2. Oral LD50 of ivermectin. 
LD50 of ivermectin in mice was (115.25 

mg/kg) after oral dosing. Signs of poisoning are 

represented by excessive grooming, lacrimation, 

closed eyes, piloerection, tachycardia, rapid 

breathing, depression, flat body appearance, 

paralysis, and finally death in highly toxic doses 

(Table 2). 

 

Table 2: Oral LD50 of ivermectin 
 

115.25 mg/kg orally LD50 of ivermectin 

100-50=50 mg/kg b.wt 
Range of doses of 

ivermectin 

100 mg/kg b.wt The first dose  

100 mg/kg b.wt The last dose  

50 mg/kg b.wt 
Up and down ivermectin 

dose  

(5) oxxoo No. of mice  

Excessive grooming, 

lacrimation Piloerection, 

Straub tail, rapid 

respiration, tachycardia, 

closed eyes , paralysis 

flat body appearance, 

convulsion, death. 

Poisoning signs  

  X=Death    O=Survival 
 

2.Approximate lethal dose (ALD) of 

levamisole and ivermectin in mice. 

2.1. ALD of levamisole  
ALD of levamisole orally was (368 mg/ kg), 

Signs of poisoning represented excessive grooming, 

lacrimation, bulged eyes, piloerection, straub tail, 

tremor, tachycardia, convulsions, death within 24 h of 

treatment. 
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2.2. ALD of ivermectin 
ALD of ivermectin orally was (121.1 mg/ 

kg). Signs of poisoning are represented by excessive 

grooming, lacrimation, closed eyelids, piloerection, 

tachycardia, rapid respiration, depression, flat body 

appearance, paralysis, and finally death within 24 h of 

treatment. 

 

3. Effects of non-lethal toxic doses of 

levamisole and ivermectin on (ALP, LDH, 

GDH) activities and total bilirubin 

concentration in mice 

3.1. Effects of levamisole and ivermectin on 

ALP activity in the blood plasma of mice 
The oral administration of levamisole in toxic 

doses (100 and 150mg/kg ), caused a slight increase 

in the ALP activity (225± 3.94) and (255±5.25) IU/L, 

respectively, in the blood plasma of mice 24 h after 

treatment in comparison with the mice of the control 

group (224±7.18) IU/L. 

 

     The oral administration of Ivermectin in toxic 

doses (75 and 100 mg/kg) led to a significant increase 

in the ALP activity (259± 5.59) and (281±4.94) IU/L, 

respectively, 24 h after oral treatment in comparison 

with the control group (224±7.18) IU/L) (Table 3; 

Fig. 1). 

 

Table 3:  Effects of levamisole and ivermectin on 

the ALP, LDH, and GDH activities in the blood 

plasma of mice 5mice/group. 
 

* The value is significantly different compared 

with the control group at (P≤0.05). 
A,b,c: The different letters in the same column are 

siginificant at (P≤0.05). 

3.2. Effects of levamisole and ivermectin on 

LDH activity in the blood plasma of mice 
The oral administration of levamisole in toxic 

doses (100 and 150 mg/kg) caused significant 

increases in the activity of LDH in the blood 

plasma  (128.8± 2.92) and (160.2±5.03) IU/L, 

respectively 24 h after oral treatment of mice, in 

comparison with the control group (84.6± 4.91) IU/L. 

     The oral administration of ivermectin in toxic 

doses (75 and 100 mg/kg) caused a significant 

increase in the activity of LDH (122.6± 3.07) and 

(153±2.50) IU/L, respectively, 24 h after the 

treatment compared with the control group (84.6± 

4.91) IU/L (Table 3; Fig.1). 

 

 
 

Fig.1: Effects of Levamisole and ivermectin on 

ALP, LDH, and GDH activity in the blood plasma 

of mice after 24 h. 

 

3.4. Effects of levamisole and ivermectin on 

GDH activity in the blood plasma of mice 
The oral administration of levamisole at a 

dose of (100 mg/kg) caused a slight increase in the 

activity of GDH (287.7± 7.55) pg /ml in the blood 

plasma of mice 24 h after oral treatment in 

comparison with the control group (277.3± 6.47) pg 

/ml, while the oral administration of levamisole at a 

dose of (150 mg/kg) caused a significant increase in 

the activity of GDH 24 h after oral treatment 

(323.8±13.19) pg /ml in comparison with the control 

group (277.3± 6.47), While, oral administration of 

ivermectin in toxic doses (75 and 100 mg/kg) causes 

a significant increase in the activity of GDH (340.6± 

19.61) and (370.1± 10.26) pg/ml, respectively, 24 h 

after oral dosing in comparison with the control group 

(277.3± 6.47) pg/ml  (Table 3; Fig. 1). 

 

3.5. Effects of levamisole and ivermectin on 

total bilirubin concentration in the blood 

plasma of mice 
     The oral administration of levamisole in toxic 

doses (100 and 150 mg/kg) b.w.t. resulted in a 

significant increase (1.02± 0.005) and (1.22±0.03) 

mg/ dl, respectively, in the concentration of total 

bilirubin in the blood plasma of mice 24 h after oral 

treatment compared with the control group (0.8± 

0.035 mg/dl). 

Enzyme 

activity 

(GDH) 

pg/ml 

Enzyme 

activity 

(LDH) 

IU/L 

Enzyme 

activity 

(ALP) 

IU/L 

Treatment group 

277.3± 

6.47 

84.6± 

4.91 

224± 

7.18 

Control 

(D.wt+propylene 

glycol) 

287.7± 

7.55bcd 

128.8± 

2.92*bd 

225± 

3.94 bcd 

Levamisole 

100mg/kg 

323.8± 

13.19*ad 

160.2± 

5.03*ac 

255± 

5.25*ad 

Levamisole 

150mg/kg 

340.6± 

19.61*ab 

122.6± 

3.07*bd 

259± 

5.59*ab 

Ivermectin 75 

mg/kg 

370.1± 

10.26*ab 

153± 

2.50*ac 

281± 

4.94*abc 

Ivermectin 100 

mg/kg 
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The oral administration of ivermectin in two 

doses (75 and 100 mg/kg) b.w.t. also led to a 

significant increase in the concentration of total 

bilirubin (1.1± 0.023) and (1.29±0.022) mg/dl, 

respectively, 24 h after oral treatment compared with 

the control group (0.8± 0.035 mg/dl) (Table 4; Fig. 

2). 
 

Table 4: Effects of levamisole and ivermectin on 

total bilirubin concentration in blood plasma in 

mice. 
 

Total Bilirubin mg/dl 
Treatment 

0.80±0.035 
Control (D.wt + 

propylene glycol) 

1.02±0.005*bcd Levamisole 100mg/kg  

1.22±0.03*ac Levamisole 150mg/kg  

1.10±0.023 *abd Ivermectin 75 mg/kg  

1.29±0.022*ac Ivermectin 100 mg/kg  

 

Fig. 2: Effects of Levamisole and ivermectin on 

the total bilirubin concentration in blood plasma 

in mice. 
 

DISCUSSION 
 

Levamisole and ivermectin are commonly 

used against parasitic diseases in humans and animals 

(Zoghroban et al., 2023). The widespread and 

indiscriminate use of these drugs outside the use 

controls has contributed to the widespread 

development of drug resistance, especially in sheep 

and goat parasites, as well as in pigs, horses, and 

cattle parasites (Shoop and Soll, 2002; Charlier et 

al., 2023). We were interested in studying the acute 

toxic effects of levamisole and ivermectin at the level 

of acute toxicity and biochemical changes in mice. 

Although it is difficult to extrapolate laboratory 

animal studies to humans or even other animal 

species, the interpretation of the present results 

should be dealt with cautiously and should be taken 

as a guide at present for any future studies involving 

humans and animals. In light of the present toxicity 

results, we recommend further long-term, preferably 

mechanistic, studies to follow. 
 

Levamisole paralyses the muscles of the 

parasite by selectively activating Ach receptors, so 

the worms are unable to attach to the mucous 

membranes, then expelled through the intestine 

outside the body (Campillo et al., 2022). Ivermectin 

does not easily cross the blood-brain barrier of the 

host, it acts as a GABA agonist that causes paralysis 

in nematodes to increase the flow of Cl 
- 
through the 

cell membranes and stimulate GABA only in the 

CNS (Gupta et al., 2019). 
 

The current study showed that the median 

lethal dose of levamisole in mice by oral dosing and 

calculated by the up-and-down method (Dixon,1980) 

was 155.5 mg/kg. The reported signs of toxicity 

resulting from levamisole poisoning in mice included 

excessive grooming, lacrimation, piloerection, straub 

tail, bulged eyes, tremor, tachycardia, convulsions, 

and death (Rehni and Singh, 2010), while the LD50 

in mice was 210 mg/kg, in rats 480 mg/kg (Lynn, 

2008), and in chicks 1474 mg/kg (Mansoor, 2004). 

LD50 of ivermectin in mice was 115.25 mg/kg, with 

signs of severe intoxication represented by excessive 

grooming, lacrimation, closed eyelids, piloerection, 

tachycardia, rapid respiration, depression, flat body 

appearance, paralysis, and death (Swor et al., 2009), 

whereas in previous studies in mice, rats, and dogs, 

LD50 values were (20.9, 51.5, and 80 mg/kg, 

respectively), while the LD50 was high in chicks, 

525.5 mg /kg (Al-Najmawi and Al-Zubaidy, 2022). 

The existence of variations in the lethal dose between 

these animals may be due to the different types and 

compositions of these drugs as well as the difference 

in solvents and compounds added to them (El-Saber 

Batiha et al., 2020) and the type of animal may have 

a role in the different absorption of these drugs and 

their toxic effects in the animal's body (Tawfeek et 

al., 2021). 
 

The approximate lethal dose of both 

levamisole and ivermectin in mice by oral 

administration was also 368 and 120 mg/kg,, 

respectively. Where we found that the dose of 

levamisole was rather high compared to the dose of 

ivermectin due to its wide degree of safety and low 

toxic effects (Midthun et al., 2021). The results of 

our study of some biochemical parameters in the 

blood plasma of mice showed the effect of both 

levamisole and ivermectin at non-lethal toxic doses 

on (ALP, LDH, and GDH)  activities 24 h after oral 

administration, which was represented by a 

significant increase in the enzyme's activity after 

treated mice with different doses of levamisole and 

ivermectin compared to the control group. The ALP 

enzyme is a sensitive biomarker of hepatotoxicity in 
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animals (Qian et al., 2015). The activity of this 

enzyme increases in the blood when liver cells are 

damaged and die (apoptosis), and this is important in 

diagnosing the efficiency of liver function (Arise and 

Malomo, 2009; Osama et al., 2015). The high doses 

of levamisole also cause an increase in  ALP, and 

LDH  activity in the plasma of carp fish (Sadati et 

al., 2021). A significant increase in the activity of 

ALP in animals exposed to ivermectin poisoning may 

be attributed to increased gluconeogenesis, which is 

an indicator of ivermectin toxicity to the liver (Odo et 

al., 2020). The activity of the ALP enzyme increases 

in the blood when the cell is damaged and dies, and 

this suggests a possible damage to the tissues of the 

cell membrane leading to leakage of membrane 

components into the extracellular fluid ( Arise and 

Malomo, 2009). 
 

Ivermectin increases LDH activity in goats 

and causes necrosis in multiple areas of the liver due 

to the accumulation of its residues in the liver 

(Abdou and Sharkawy, 2004). This enzyme is found 

in various tissues, and we observe its increase in the 

case of liver diseases due to high doses of ivermectin 

and levamisole (Dong et al., 2020). 
  

Levamisole and ivermectin caused a 

significant increase in the concentration of total 

bilirubin in the plasma of mice after 24 h. We 

recommend additional biochemical measurements to 

delineate toxic effects and adverse impacts. and these 

results may indicate the presence of damage to the 

liver and bile tissues or an increase in the rate of 

damage in erythrocytes. The reason for the increase 

in the concentration of total bilirubin may be due to 

the lack of coenzyme in the breakdown of bilirubin in 

the body as a result of poisoning with high doses of 

anthelmintics (Othman et al., 2022). It is possible 

that other factors might be involved in the expression 

of the toxic effects of these anthelminths; these might 

include but are not limited to species variation, 

genetic build-up of the animal, housing conditions, 

and diet. 
 

CONCLUSION 

     Levamisole and ivermectin have the potential to 

cause biochemical changes as toxic effects that were 

evident in some enzymatic measurements in mice's 

plasma on the level of ALP, LDH, and GDH 

activities, and the concentration of total bilirubin 

when we evaluated the effects of levamisole and 

ivermectin in mice. 
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