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Abstract: 

The present study tended to determine the ivermectin residues in cattle livers using the 

competitive ELISA technique and correlate gender and age variables with residual 

presence. Also, it was described the histopathological findings in analyzed samples. A 

total of 90 livers of randomly selected cattle were sampled in a type II slaughterhouse 

located in the Bogota Savanna. The samples were analyzed for ivermectin residues using 

the competitive ELISA technique and a histopathological evaluation was performed using 

the H&E technique. Only the 22 % (20/90) of the analyzed samples presented ivermectin 

residues. Of the positive individuals, the majority came from Cogua 35 % (7/20), 

Zipaquira 30 % (6/20) and Sopo 20 % (4/20). The breeds with residues presence 

corresponded to Half-Blood 35 % (7/20), Zebu 25 % (5/20), Normande 20 % (4/20) and 

Jersey x Holstein 15 % (3/20). Eighty five, 85 % (17/20) of the individuals were older 

than 1.5 yr. In regard to the gender variable, the majority of animals were males 65 % 
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(13/20). Of the evaluated animals 3 % (3/90) exceeded the maximum residue limit (> 100 

ppb). No association was found between the presence of residues and the gender and age 

variables (P>0.05). The majority of histopathological changes were mild or moderate, 

with alterations in architecture and inflammatory changes standing out. It was found 

association between the presence of residue and variables microcirculatory alteration, 

inflammatory alteration and changes similar to the cell death (P<0.05). As a conclusion, 

the competitive ELISA test used in this study served as a screening method for the 

detection ivermectin residues in the analyzed samples.  

Key words: Antiparasitic drugs, Ivermectin, ELISA, Liver, Macrocyclic lactones, 

Bovine. 
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Introduction 
 

 

Parasitic diseases are one of the most important causes of economic losses for the 

livestock industry in tropical and subtropical production systems. These diseases have a 

huge prevalence impact related to epidemiological chain factors such as the presence of 

vectors and environmental changes(1). Ivermectin is a popular macrocyclic lactone since 

its introduction to the market(2,3).  This drug is a mixture of two  homologs in a ratio of 

80 % 22,23-dihydroavermectin B1a (H2B1A) and no more than 20 % of 22,23-

dihydroavermectin B1b (H2B1b)
(4). The maximum residue limits (MRL) in the European 

community have been determined to utilize the B1A portion as a marker(5). The 

outstanding use in veterinary medicine is derived from the spectrum activity for the 

control of nematodes and arthropods, generating a remarked interest for research 

development. Additionally, the macrocyclic lactones group has also been used in 

agriculture  for pest control  and in human medicine  mainly for onchocerciasis 

treatment(6,7). 

 

From a pharmacokinetic point of view, studies have shown that the main organ for 

Ivermectin residues detection is the liver in almost all the evaluated species(8,9,10). 

Therefore, due to the huge usage in the field, consumption of viscera and possible toxicity, 

this organ was chosen as the matrix to carry out this study. For detecting residues, several 

methodologies have been developed, liquid chromatography (HPLC) and mass 

spectrometry are the most recommended due to their high sensitivity and selectivity, 

however, they also present certain disadvantages such as complex extraction process and 

expensive equipment is needed(11). Another semi-quantitative-methodologies such as 
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Competitive ELISA are used as screening method in several matrices. Some advantages 

are related to a low cost, fastness with a relative good sensitivity and specificity in 

comparison to HPLC(4,12). 

 

The purpose of this investigation corresponded to determine the presence of ivermectin 

residues in bovine livers from the Bogota, D.C. savanna using the competitive ELISA 

technique, correlating the presence of residues presence with gender and age variables. 

This study also describes the histopathological changes of the evaluated samples. 

 

 

Material and methods 
 

 

Study location 

 

 

Samples were obtained from Zipaquira´s slaughterhouse, which has an average of 200 

animals slaughtered daily. This slaughterhouse is classified as type II, according to 

INVIMA (Decree 1036 of 1991) and the Ministry of Health and is also certified by ISO 

9001: 2008 and NTCGP1000: 2009 normativity. 

 

 

Sample size 

 

 

Considering an error of 10 % and a confidence level of 99 %, the number of analyzed 

livers corresponded to 89. The animals were chosen randomly in the suspension area and 

subsequently identified. Once they were in the evisceration area, approximately 100 g of 

liver were taken in sterile bags for the ELISA test. Each sample was marked, duly labeled, 

refrigerated, transported and later stored at -20 °C until their analysis. At the same time, 

data corresponding to origin, breed, gender, and age of the evaluated animals were 

obtained. 

 

In the standardization phase the liver of a bovine was included as a negative control. This 

animal certainly did not receive any previous treatment with ivermectin. Prior 

authorization from the Bioethics Committee of the U.D.C.A, an 8-d-old calf was 

euthanized using Euthanex® (60 mg/kg, I.V) and liver samples were taken for analysis. 

The pregnant cow belonged to the university and did not receive antiparasitic treatment 

with macrocyclic lactones during pregnancy. 
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Procedure 

 

 

Competitive ELISA test was used for residue detection and quantification. This test uses 

rabbit polyclonal antibodies against ivermectin and the analysis process for each sample 

was carried out considering the kit provider information(13), briefly the amount of active 

ingredient in the samples was expressed as equivalents of ivermectin (ng/ml). In the case 

of the liver, the values that were obtained from the calibration curve were multiplied by 

a factor of 5 in order to express the concentration in ng/g. The equivalents of ivermectin 

corresponded to the maximum percentage of absorbance of each extract read from the 

calibration curve of the seven standards (Table 1). The determination coefficients 

obtained in each calibration curve were considered to calculate the specific residues 

concentration. 

 

Table 1: Concentration of the ivermectin in the standard solutions 

Standard 0 1 2 3 4 5 6 

ng/ml -- 1.25 2.5 5 10 25 50 

 

Each sample was thawed and homogenized with a food processor. The obtained material 

was subjected to an extraction process and therefore residue quantification based on the 

kit supplier parameters. Samples were considered as residually positives when they 

exceeded the kit’s reported limit of detection (LOD) of 8 ppb. The maximum residue limit 

(MRL) for the liver corresponded to 100 ppb, thus considering the reported values in 

Resolution 1382 of 2013 of the Ministry of Health and Social Protection. The samples 

were analyzed in duplicate at the U.D.C.A microbiology laboratory. 

 

 

Histopathological analysis 

 

 

In addition to the sample taken for ELISA analysis, 5 g of liver were obtained for 

histopathological evaluation, conserving them in 10% formaldehyde. Samples were 

processed by hematoxylin and eosin technique in the U.D.C.A pathology laboratory. 

Three zones of the hepatic lobe were evaluated as follows, zone 1, located at a further 

distance from the centrilobular vein, specifically in the periphery of the lobule. Zone 2 

corresponded to the middle of the periphery and centrilobular vein, and the zone 3, it was 

considered as closest to the centrilobular vein. 

 

In aforementioned areas, the following variables were evaluated:  

Alterations in architecture: vacuolation, lobular inversion, canalicular hyperplasia and 

parenchymal fibrosis. 

Microcirculatory alterations: in this case, centrilobular congestion, generalized 

congestion, focal hemorrhage, and edema were considered. 
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Inflammatory alterations: presence of polymorphonuclear, mononuclear and mixed cells. 

An evaluation of the lobular areas was done either. 

Changes similar to cell death: apoptosis and necrosis were considered. 

 

For each of the variables, the degree of the lesion was classified as follows: (0) apparently 

normal, (1) mild, (2) moderate and (3) severe(14). 

 

 

Statistical analysis 

 

 

This study was observational with simple random sampling. The data was recorded in 

Microsoft Office Excel 2016 spreadsheet and analyzed with STATA MP14 statistical 

package. A descriptive analysis of the origin, breed, gender and age variables was carried 

out. To analyze the effect of gender, age and histopathological variables with ivermectin 

concentration, a Chi2 (P<0.05) association test was performed. 

 

 

Results 
 

The coefficients of determination obtained to calculate residue concentration were 97 % 

on average. Most individuals presented levels lower than 8 ppb (78 %), 19 % between 8 

and 100 ppb and only 3 % presented residues over 100 ppb, exceeding the MRL (Figure 

1). 

 

Figure 1: Distribution of ivermectin residues in the evaluated population 

 
 

The population without residues  (LOD <8 ppb)  was mostly originated from Zipaquira 

44 % (28/70), followed by Cogua 26 % (18/70), and to Sopo and Chiquinquira 

respectively corresponded the remaining 10 % (7/70) of the evaluated animals. For the 
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breed variable, the highest proportion of animals were Normande 34 % (24/70), followed 

by Holstein 28 % (20/70) and Half-Blood 23 % (16/70). In the case of the age variable, 

only 13 % (9/70) were animals under 1.5 yr old and 87 % were older than 1.5 yr old. For 

the gender variable, it was observed that 59 % (41/70) of the sampled animals were 

females and 41 % (21/70) were males. 

 

The individuals with residues prescense were mostly originated from Cogua 35 % (7/20), 

Zipaquira 30 % (6/20), Sopo 20 % (4/20). For La Vega, Bogota and Guasca, only one 

individual was positive respectively. The breeds in which residues were found 

corresponded to Half-Blood 35 % (7/20), Zebu 25 % (5/20), Normande 20 % (4/20) and 

Jersey x Holstein 15 % (3/20); for Holstein there was only one individual. 85 % (17/20) 

of the animals were older than 1.5 yr old and the remaining 15 % (3/20) were less than 

1.5 yr old. In terms of the gender variable,  they were molstly males 65 %  (13/20) and 

35 % (7/20) were females. 

 

Only 3 % (3/90) of samples exceeded the MRL. All of the positive animals were male, 

two samples came from Sopo and one from Cogua and two of them were older than 1.5 

yr old.  These  animals were  Half-Blooded,  Holstein and  Jersey x Holstein  breeds 

(Table 2). When performing the Chi2 association test between variables age (P=0.84), 

gender (P=0.06) and ivermectin concentration, no association was found. 

 

Table 2: Descriptive statistics of the population with residues presence 

Variable 

Samples 

with residue 

\ Total 

population 

% 

Samples 

with 

residues 

Concentration (≥ 8 ppb) 
Samples 

>MRL* 

Range Average SE 

Gender:  
Males 13\42 31 8.40-154.72 58.50 14.71 3 

Females 7\48 15 8.32-26.92 16.30 2.38 0 

Origin:  
Cogua 7\25 28 8.86-154.72 37.86 19.58 1 

Sopo 4\11 36 8.32-140.25 86.05 31.92 2 

Zipaquira 6\34 18 8.40-87.65 32.75 10.50 0 

Age:       
< 1.5 yr old 3\12 25 8.86-154.72 60.98 46.96 1 

≥ 1.5 yr old 17\78 22 8.32-140.25 40.68 10.11 2 

Breed **  
Half-Blood 7\23 30 8.32-136.40 33.74 17.45 1 

Zebu 5\12 42 18.28-87.65 34.67 13.32 0 

Normande 6\28 14 8.40-59.22 31.43 8.87 0 

Jersey x 

Holstein 3\4 75 15.12-140.25 61.53 39.56 1 

*MRL= Maximum Residue Limit. 

**Only one individual of Holstein breed exceeded the MRL with 154.72 ppb. 
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For the histopathological analysis, 86 samples were evaluated, and as it was 

mentioned before, 20 livers presented ivermectin residues and 66 livers where 

considered as negative. According to lesion severity and the different variables 

analyzed, the data was recorded in Table 3. It is worth mentioning that no lobular 

inversion and lesions compatible with necrosis were observed in the analyzed 

samples. The majority of changes observed were mild in both cases. For the samples 

without residues, the main changes observed corresponded to the inflammatory level, 

with a mild presence of monocytes stood out (28/66), moderate (6/66) and severe 

(3/66). Mild changes in vacuolization (41/66), hyperplasia (15/66), moderate 

hyperplasia (22/66), mild fibrosis (27/66) and moderate fibrosis (21/66) were also 

described. We found association between variables microcirculatory alteration, 

inflammatory alteration and similar to the cell death (P<0.05) (Table 3). 

 

 

Table 3: Histopathological findings in the studied population 

 

 

 

Severity 

Degree 

LOD 

< 8ppb 

LOD 

≥ 8ppb 

 

P value 

A
rc

h
it

ec
tu

re
 a

lt
er

at
io

n
 Vacuolization 

Normal 21 10  

0.318 Mild 41 7 

Moderate 4 3 

Hyperplasia 

Normal 29 11  

0.447 Mild 15 8 

Moderate 22 1 

Fibrosis 

Normal 18 6  

0.708 Mild 27 11 

Moderate 21 2 

Severe 0 1 

M
ic

ro
ci

rc
u

la
to

ry
 a

lt
er

at
io

n
 

Lobulillar congestion 

Normal 49 2  

0.000* Mild 17 11 

Moderate 0 7 

Generalized congestion 

Normal 64 7  

 

0.000* 

Mild 1 9 

Moderate 0 4 

Severe 1 0 

Focal hemorrhage 

Normal 66 16  

0.006* Mild 0 1 

Moderate 0 3 

Edema 

Normal 66 15  

0.000* Mild 0 6 

Moderate 0 1 

In
fl

am
m

a

to
ry

 

al
te

ra
ti

o
n
 

Polymorphonuclear 

Normal 66 5  

0.000* Mild 0 13 

Moderate 0 2 
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Monocytes 

Normal 29 3  

0.027* Mild 28 15 

Moderate 6 2 

Severe 3 0 

Mixed 

Normal 66 7  

0.000* Mild 0 12 

Moderate 0 1 

Zone 3 
Normal 33 17 0.003* 

Mild 33 3 

S
im

il
ar

 t
o

 

th
e 

ce
ll

 

d
ea

th
 

Apoptosis 

Normal 66 12  

0.000* 

 

Mild 0 7 

Moderate 0 1 

 

P<0.05. 

 

Animals with residues evidence (20) presented alterations on architectural variables as 

follows: 10 samples had vacuolar changes (7 mild and 3 moderate); 9 had canalicular 

hyperplasia (8 mild, 1 moderate) and 14 had portal fibrosis (11 mild, 2 moderate and 1 

severe) (Figure 2). Eighteen (18) samples that contained ivermectin residues presented 

centrilobular congestion (11 mild, 7 moderate); 13 samples presented generalized 

congestion and sinusoidal dilatation (10 mild, 4 moderate) and 4 hemorrhagic foci (1 

mild, 3 moderate) (Figure 3). 

 

Figure 2: Bovine liver without ivermectin residues 

 

A. Normal architecture in the hepatocytes (400X) and B. the portal area (100X).   Architectural changes 

in the hepatic parenchyma of cattle with residues. C. Vacuolar changes, note the presence of 

intracytoplasmic vacuoles (arrow tip) (400x).  D. Mild fibrosis of the portal area (arrow) (100X). 
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Figure 3: Microcirculatory changes in the hepatic parenchyma of cattle positive for 

ivermectin residues. Mild congestion and sinusoidal dilatation were evident 

 
 

In relation to the inflammatory infiltrate, 13 of the 20 animals presented mixed 

infiltration, predominantly by mononuclear cells (15 mild, 1 moderate) in centrilobular 

distribution. Comparatively, in both groups, a wide range of changes were found 

associated to microcirculatory, architectural, inflammatory and cell death (apoptosis) 

processes (Figure 4). In relation to the last alteration, only eight of the analyzed samples 

showed changes associated with similar to cell death, characterized by a multifocal 

distribution in the positive tissues with ivermectin residues (Table 3). 

 

Figure 4: Changes compatible with apoptosis, bovine liver with ivermectin residues 

obtained from a slaughterhouse. Cells with related changes with cellular death (arrows) 

 
 

 

Discussion 
 

 

Ivermectin is an active compound that has been used for almost 20 yr in numerous 

countries and different animal production systems. As a result of its usage, control testing 
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on food products derived from livestock is carried out in order to harmonize the 

commercialization processes. Several studies have been done reporting different 

methodologies for this purpose, such as the competitive ELISA technique. This method 

was developed before(4), using rabbit produced polyclonal antiserum and the limit of 

detection (LOD) was 1.6 μg/kg and the antibodies presented a cross-reaction with 

doramectin but not with moxidectin. In that study, negative liver (1.6 ng/g), 100 ng/g 

ivermectin fortified liver and 0.5 mg/kg topically treated liver samples from animals 

slaughtered on day 7, 14, 21 and 28 were analyzed. In this case, ivermectin levels on d 7 

post-treatment were 52.7 ng/g decreasing to 4.1 ng/g by d 28. The data was confirmed by 

another complementary technique such as high-performance liquid chromatography 

(HPLC). The range of both tests was 1 to 58 ng/g with a close correlation (r = 0.99). 

 

In a study carried out by other authors(12) where an ELISA was developed for the detection 

of multiple avermectins (abamectin, eprinomectin, and ivermectin) the modified 

avermectin 4C-O-succinoylavermectin was conjugated with bovine albumin and 

ovoalbumin as immunogens for polyclonal antibodies the preparation. The LOD for this 

test corresponded to 1.06 ng/ml for all three avermectins. The percentage of recovery 

ranged from 53.8 % to 80.6 % and it was similar to previous reports using HPLC, 

converting this technique as a rapid method for screening avermectins in bovine liver. In 

the present study the LOD of 8 ppb (reported by the manufacturer), 70 samples were 

under, 17 between 8 and 100 ppb and only 3 exceeded 100 ppb. It is important to bear in 

mind that in this case no additional confirmatory tests were performed, however 

considering the obtained data it would be relevant to expand this kind of approach in other 

production systems with a greater usage of this active compound, situation that has been 

reported in other country areas. 

 

Turning to the MRL, only 3 % of the samples exceeded the maximum value reported by 

Colombian authorities (>100 ppb), this could be considered as a low level. In Colombia, 

a study determining residuality of organophosphorus, carbamates and ivermectin 

insecticides in raw milk from farms in tropical areas. Of 609 samples analyzed, 37.44 % 

contained organophosphate levels exceeding the MRL, with Magdalena Region 

containing almost all the positive samples. Although, 180 milk samples were analyzed 

for ivermectin detection and quantification but any sample exceeded the MRL(15). Data 

obtained in this study were similar to the observed in other countries as Mexico, where 

evaluated the presence of ivermectin residues due to the increased use of this molecule 

on the farms. In this case, 234 liver samples were taken during the course of a month and 

analyzed by HPLC. Only one sample was not within parameters (149 μg/kg), situation 

that was similar to another previously reported by a control scheme for this area(16).  

 

The aforementioned data differ from another reported in Brazil. Due to residuality 

problems during 2010 several detection techniques were developed in muscle matrices, 

allowing the establishment of the MRL and pertinent measures were taken to exercise 

drug control within the production systems(17). Some of the strategies used corresponded 

to education campaigns for producers in order to prevent parasitic disease by management 
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and medication use, considering several factors that can lead to exceed the residues 

maximum permitted levels, such as product formulation, active ingredient 

physicochemical properties, overdose, administration method, product use in non-

recommended species, heterogeneous animal lots, and finally non-compliance with 

withdrawal times(2,11). 

 

In terms of the epidemiological characteristics, no association was observed between 

gender and age variables with the residues presence. Despite that fact, there was a greater 

presence of residues in males than females. Considering this, reported pharmacokinetic 

data show that there are differences related to gender and plasma disposition of the active 

ingredient. These characteristics have been studied in various animal species and 

specifically for cattle, found differences related to gender in terms of plasma 

concentration when they evaluated ivermectin and doramectin, bioavailability was 10% 

higher in heifers than in steers for both molecules(18). This difference was associated with 

the amount of adipose tissue in males and females, considering the characteristics of the 

active ingredient such as the high liposolubility of the endectocide agent that promotes its 

storage in this tissue and favors its persistence(9). 

 

Despite that residues were observed in females, the percentage found was very low (15%), 

possibly the evaluated animals were in nonlactating (dry) period, driving to their discard 

and slaughter, but any case exceeded the limits and most relevant data was found in males. 

Even so, it is important to bear in mind that the only avermectin approved for dairy 

farming is eprinomectin and that other factors, such as hormonal influence can affect drug 

metabolism in terms of its transformation and elimination(15,19). 

 

The histopathological evaluation of this study allowed a wide range of hepatic 

parenchymal alteration findings, even in animals with and without residues. When the 

microcirculatory changes were evaluated, some animals with residues presented a greater 

degree of the congestive changes and hemorrhagic foci severity, suggesting a greater 

susceptibility to develop disorders associated with alterations of the vascular network of 

the liver parenchyma; however, the number of animals that developed these kind of 

disorders does not turn out to be significant. 

 

Numerous chemical substances suffer part of their biotransformation in the hepatic tissue, 

this also means that a major part of these compounds could generate cellular alterations 

of the parenchyma, leading to possible disorders associated to liver function alterations 

such as protein synthesis, carbohydrate transformation and lipid metabolism. Included 

amongst these are pharmaceuticals, bacterial toxins, and toxic plants. In this sense, the 

unique or concomitant effect of this type of compounds on the analyzed samples cannot 

be ruled out. 

 

A study conducted in rats for the evaluation of the effect of massive and long-lasting 

treatments with ivermectin among other molecules against various parasites, showed 

some clinical alterations compatible with hepatotoxicity and anatomopathological 
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changes revealed architecture distortion, hepatocellular necrosis, and Kupffer cell 

hyperplasia(20). In hyperacute cases of intoxication in goats, sudden death is reported 

without systemic pathological alterations(21). In humans, a case report showed the 

hepatotoxic potential of ivermectin after administration in a patient with filarial 

parasitism, finding intralobular inflammatory infiltrate and accumulation of ceroid 

pigment, perivenular necrosis, necrosis and apoptosis(22). According to the international 

guidelines, the acceptable daily intake established for humans is 10 μg/kg (600 

μg/person/d)(5), levels that were not observed in the analyzed samples. It is worth noting 

that comparatively with these reports, the present study also evidenced changes similar to 

apoptosis only in animals with residues presence, however further studies like 

imnunohistochemistry should be conducted in order to clarify the association between 

residues and hepatic lesion development. 

 

The ivermectin poisoning has been associated with overdosing or with the presence of a 

P-glycoprotein mutation that promotes the development of neurological symptoms in 

several animal species. The human intoxication has been associated with mild to moderate 

effects of a Mazzotti reaction and encephalopathy linked to microfilaricidal therapy or 

macrocyclic lactones exposure(23). 

 

 

Conclusions and implications 
 

 

In conclusion, the competitive ELISA test used in this study served as a screening method 

to analyze ivermectin residues in bovine livers. Only 3 % of the samples exceeded the 

MRL and no correlation was found between the presence of residues with gender and age 

variables (P>0.05). The majority of the histopathological changes were mild or moderate, 

with alterations in architecture and inflammatory changes standing out. Exist statistical 

association between the presence of residue of ivermectin and variables microcirculatory 

alteration, inflammatory alteration and changes similar to the cell death (P<0.05).  

 

 

Acknowledgments 
 

 

The authors thank specially to Zipaquira slaughterhouse and Universidad de Ciencias 

Aplicadas y Ambientales (U.D.C.A) for all the support in the execution of this project, as 

well as to Basic Farm® company for the all the provided guidance. Also to Professor Juan 

de Jesús Vargas for his support in the statistical analysis. 

 

 

 

 



Rev Mex Cienc Pecu 2020;11(2):311-325 
 

323 
 

Conflict of interest 
 

 

The authors claim no conflict of interest in the presentation of this document. 

 

Literature cited: 

1. Singh NK, Singh H, Jyoti, Haque M, Rath SS. Prevalence of parasitic infections in 

cattle of Ludhiana distric, Punjab. J Parasit Dis 2012;36(2):256-259. 

2. Danaher M, Radeck W, Kolar L, Keegan J, Cerkvenik-Flajs V. Recent developments 

in the analysis of avermectin and milbemycin residues in food safety and the 

environment. Curr Pharm Biotechnol 2012;13:936-951. 

3. Ộmura S. Ivermectin:25 years and still going strong. Inter J Anti Agen 2008;31:91-98. 

4. Crooks SRH, Baxter AG, Traynor IM, Elliot C, McCaughey WJ. Detection of 

ivermectin residues in bovine liver using an enzyme immunoassay. Analyst 

1998;123:355-358. 

5. EMEA. Ivermectin (All mammalian food producing species). Committee for Medicinal 

Products for Veterinary Use. European Medicines Agency. 

http://www.ema.europa.eu/docs/en_GB/document_library/Maximum_Residue_Li

mits_-_Report/2014/05/WC500167329.pdf. Accessed May 15, 2018. 

6. Wolstenholme AJ, Rogers AT. Glutamate-gated chloride channels and the mode of 

action of the avermectin/milbembycin anthelmintics. J Parasitol 2005;131:S85-S95.  

7. Ộmura S, Crump A. Ivermectin: panacea for resource-poor communities? CellPress. 

Trends Parasitol 2014;30(9):445-455. 

8. Escribano M, San Andrés MI, de Lucas JJ, Gonzáles-Canga A. Ivermectin residue 

depletion in Food producing species and its presence in animal foodstuffs with a 

view to human safety. Curr Pharm Biotecnhno l2012;13:987-998. 

9. McKellar QA, Gokbulut C. Pharmacokinetic features of the antiparasitic macrocyclic 

lactones. Curr Pharm Biotechno 2012;13:888-911. 

10. Lee Chiu S-H, Buhs R, Sestokas E, Taub R, Jacob T. Determination of ivermectin 

residue in animal tissues by High-Performance Liquid Chromatography-Reverse 

isotope dilution assay. J Agr Food Chem 1985;33:99-102.   

http://www.ema.europa.eu/docs/en_GB/document_library/Maximum_Residue_Limits_-_Report/2014/05/WC500167329.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/Maximum_Residue_Limits_-_Report/2014/05/WC500167329.pdf


Rev Mex Cienc Pecu 2020;11(2):311-325 
 

324 
 

11. Danaher M, Howells LC, Crooks SRH, Cerkvenik-Flajs V, O´Keeffe M. Review of 

methodology for the determination of macrocyclic lactone residues in biological 

matrices. J Chromato B 2006;844:175-203. 

12. Shi W, He J, Jiang H, Hou X, Yang J, Shen J. Determination of multiresidue of 

avermectins in bovine liver by an indirect competitive ELISA. J Agr Food Chem 

2006;54:6143-6146. 

13. EuroProxima. Ivermectin ELISA, 5141IVER. 

http://europroxima.com/products/contaminants-and-

residues/anthelmintics/ivermectin-elisa/; www.europroxima.com. Accessed May 

15, 2016. 

14. Lopez Panqueva RP. Useful algorithms for histopathological diagnosis of liver 

disease based on patterns of liver damage. Rev Colomb  Gastroenterol 2016;31:443-

457. 

15. González Reina A, Palomares Velosa JE, Parra JL, Silva Sakzuk J, Abuabara Y, 

Mojica JE et al. Determination of organophosphorus, carbamate insecticides and 

ivermectin residues in raw milk from cattle farms in the Colombian low tropics. 

Abstract 10. Rev Colomb Cienc Pecu 2011;24:552-557. 

16. Solis Rivera C, Wilcock A, Arellano Chavez S, Morales Loredo A, Mcewen S. 

Prevalence of ivermectin residues in cattle slaughtered in federally inspected 

abattoirs in Nuevo Leon, Mexico. Food Protect Trends 2011;31(4):212-215. 

17. Rübensam G, Barreto F, Barcellos Hoff R, Mara Pizzolato T. Determination of 

avermectin and milbemycin residues in bovine muscle by liquid chromatography-

tandem mass spectrometry and fluorescence detection using solvent extraction and 

low temperature cleanup. Food Control 2013;29:55-60. 

18. Toutain PL, Upson DW, Terhune TN, McKensie ME. Comparative pharmacokinetics 

of doramectin and ivermectin in cattle. Vet Parasitol 1997;72:3-8. 

19. Mugford CA, Kedderis GL. Sex-dependent metabolism of xenobiotics. Drug Meta 

Rev 1998;30(3):441-498. 

20. Idowu ET, Alimba CG, Olowu EA, Otubanjo AO. Artenether-lumefantrine treatment 

combined with albendazole and ivermectin induced genotoxicity and hepatotoxicity 

through oxidative stress in Wistar rats. EJBAS 2015;2:110-119 

http://europroxima.com/products/contaminants-and-residues/anthelmintics/ivermectin-elisa/
http://europroxima.com/products/contaminants-and-residues/anthelmintics/ivermectin-elisa/
http://www.europroxima.com/


Rev Mex Cienc Pecu 2020;11(2):311-325 
 

325 
 

21. Mohsen G, Pourjafar M, Badiei K, Habibi H. Ivermectin toxicity in a goat herd. 

Toxico Lett 2011;211S:43-216. 

22. Veit O, Beck B, Steuerwald M, Hatz C. First case of ivermectin-induced severe 

hepatitis. Case report. Trans R Soc Trop Med Hyg 2006;100:795-797. 

23. Yang CC. Acute human toxicity of macrocyclic lactones. Curr Pharm Biotechnol 

2012;13:999-1003. 

 


