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Abstract

Background: Ivermectin may affect the levels of cytokines and immunoglobulins in sheep, considering that 
avermectins have an effect on the immune system. Objective: To determine whether ivermectin has an effect on 
cytokines and immunoglobulins in sheep. Methods: After administration of ivermectin to 10 healthy sheep, sheep-
specific interferon-α, tumor necrosis factor-α, interleukin-2, interleukin-6, interleukin-10, immunoglobulin G, 
immunoglobulin M, and immunoglobulin E levels were measured with an ELISA reader. Results: Significant (p<0.05) 
fluctuations were detected in interleukin-2 and interleukin-10 levels. Transient increases (p<0.05) were measured in 
tumor necrosis factor-α and immunoglobulin E levels (p<0.05). Conclusion: Ivermectin may affect immune system 
parameters in healthy sheep; however, the effects of ivermectin administration on infected sheep should be investigated.
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Resumen

Antecedentes: La ivermectina puede alterar los niveles de citocinas e inmunoglobulinas en ovinos, dado que las avermectinas 
afectan el sistema inmunológico. Objetivo: Determinar si la  ivermectina tiene algun efecto sobre las citocinas e inmunoglobulinas 
en ovinos. Métodos: Después de la administración de ivermectina a 10 ovejas sanas los niveles de interferón-α específico de 
oveja, factor de necrosis tumoral-α, interleucina-2, interleucina-6, interleucina-10, inmunoglobulina G, inmunoglobulina M, e 
inmunoglobulina E se midieron con un lector ELISA. Resultados: Se detectaron fluctuaciones significativas (p<0,05) en los niveles 
de interleucina-2 e interleucina-10. Tambien se encontraron aumentos transitorios (p<0,05) en los niveles de factor de necrosis 
tumoral-α e inmunoglobulina E (p<0,05). Conclusión: la ivermectina puede afectar los parámetros del sistema inmunitario en 
ovejas sanas.

Palabras clave: avermectinas; factor de necrosis tumoral-α; inmunoglobulina E; inmunoglobulina G; inmunidad; 
inmunoglobulina M; interferón-α; interleucina-2; interleucina-6; interleucina-10; ivermectina; oveja.

Resumo

Antecedentes: A ivermectina pode alterar os níveis de citocinas e imunoglobulinas em ovinos, visto que as avermectinas 
afetam o sistema imunológico. Objetivo: Determinar o efeito da ivermectina nas citocinas e imunoglobulinas em ovinos. 
Métodos: Após a administração de ivermectina a 10 ovelhas saudáveis, interferon-α específico de ovelha, fator de necrose 
tumoral-α, interleucina-2, interleucina-6 e interleucina-10, os níveis de imunoglobulina G, imunoglobulina M e imunoglobulina 
E foram medidos com Leitor de ELISA. Resultados: Flutuações estatisticamente significativas (p<0,05) foram detectadas nos 
níveis de interkeukin-2 e interkeukin-10. Aumentos transitórios (p<0,05) foram medidos nos níveis de fator de necrose tumoral-α 
e imunoglobulina E (p<0,05). Conclusão: A ivermectina pode afetar parâmetros do sistema imunológico em ovinos saudáveis, 
entretanto, os efeitos da administração de ivermectina em ovinos infectados devem ser investigados.

Palavras-chave: avermectinas; fator de necrose tumoral-α; imunoglobulina E; imunoglobulina G; imunoglobulina M; 
imunidade; interferão-α; interleucina-2; interleucina-6; interleucina-10; ivermectina; ovelha.
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Introduction 

Ivermectin, a macrocyclic lactone, is used 
orally or parenterally for the treatment of 
nematodes or ectoparasites in many animal 
species (Yazar, 2020) and humans (Ashour, 2019). 
It is used in the therapy of gastrointestinal, eye, 
and lung nematodes, filariasis and ectoparasites 
in sheep (Yazar, 2020). It can affect the immune 
system by affecting cytokines such as tumor 
necrosis factor (TNF)-α, interleukin (IL)-6 
(Bekdur et al., 2018), and immunoglobulins (Yan 
et al., 2011). Interleukins can be proinflammatory 
or anti-inflammatory, depending on the role they 
play in inflammation. Interferon (IFN)-α, TNF-α, 
and IL-6 are proinflammatory cytokines, while 
IL-2 and IL-10 are anti-inflammatory cytokines. 
Interferons mainly show antiviral activity, TNF-α 
is an important mediator of acute infection, 
and IL-6 stimulates the synthesis of acute-
phase proteins and immunoglobulins (Akdogan 
and Yontem, 2018). Five different types of 
immunoglobulins are secreted by B lymphocytes. 
IgG is the most abundant immunoglobulin. IgM 
is synthesized in the acute phase of infections, 
after which it decreases and is replaced by IgG 
(Yilmaz and Akgul, 2014). IgE is normally found 
at very low levels and is associated primarily with 
allergic reactions (Amarasekera, 2011). 

As ivermectin can stimulate the immune 
system (Blakley and Rousseaux, 1991; Omer 
et al., 2012), it has been hypothesized that 
ivermectin administration to healthy sheep might 
affect specific immune system components such 
as cytokines and immunoglobulins. The aim 
of this study was to investigate possible short-
term effects of ivermectin on cytokines (IFN-α, 
TNF-α, IL-2, IL-6, IL-10) and immunoglobulins 
(IgG, IgM, IgE) in healthy sheep.

Materials and Methods

Ethical considerations

All the procedures were approved by the 
ethics committee of Selcuk University, Turkey 
(SUVDAMEK: 2020/79).

Animals and experimental design

Ivermectin (VilmectinTM, Vilsan, Ankara, 
Turkey) at a dose of 0.2 mg/kg (SC, SID, 3 days) 
was administered to 10 Anatolian Merino sheep 
(2.5-3 years old, 61.5-68.5 kg; Ashour, 2019).

Analysis of cytokines and immunoglobulins

ELISA reader (MWGt Lambda Scan 200, Bio-
Tec Instruments, Winooski, VT, USA) was used 
to measure sheep-specific IFN-α (IFN-α Kit, BT 
Lab, Jiaxing, Zhejiang, China), TNF-α (TNF-α 
Kit, BT Lab), IL-2 (IL-2 Kit, BT Lab), IL-6 (IL-
6 Kit, BT Lab) and IL-10 (IL-10 Kit, BT Lab) in 
sera collected the day before (0 day) and 0.25, 
0.5, 1, 2, 3, 4, 5 and 6 days, and IgG (IgG kit, BT 
Lab),  IgM (IgM kit, BT Lab) and IgE (IgE kit, 
BT Lab) obtained from serum samples taken the 
day before (0 day) and 1, 3, 7, 10, 13, 16, 19, and 
21 days after ivermectin application.

Statistical analysis

Data were evaluated by ANOVA and Duncan’s 
multiple range test (SPSS 22.0). A p<0.05 was 
considered statistically significant.

Results

Cytokine and immunoglobulin levels are 
presented in Table 1 and 2, respectively. 
Significant fluctuations in IL-2 and IL-10, 
and a temporary increase in TNF-α and IgE 
levels were observed. However, no statistically 
significantly changes were observed in INF-α, 
IL-6, IgG, or IgM levels. 

Discussion

In this study, the ivermectin administration 
protocol followed the common procedure 
reported in the scientific literature, using 0.2 
mg/kg (SID, three days) in the therapy of 
trichuriasis (Ashour, 2019). Ivermectin caused 
significant (p<0.05) fluctuations in IL-2 and 
IL-10 and a temporary increase (p<0.05) in 
TNF-α, which peaked at day 0.5 (Table 1).
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Table 1. The effects of ivermectin (0.2 mg/kg, SC, SID, 3 days) on serum cytokine levels in sheep (mean±SE).

Parameter 0th day 0.25th day 0.5th day 1st day 2nd day 3rd day 4th day 5th day 6th day
INF-α ng/L 50.31±2.93 51.74±3.06 51.81±7.40 50.85±3.47 50.15±3.41 48.77±5.04 42.53±3.67 56.68±2.38 56.42±5.60
TNF-α ng/L 40.12±4.98b 57.12±9.08ab 77.04±13.13a 55.56±6.63ab 53.87±8.61ab 54.28±8.862ab 48.93±9.66b 40.96±5.93b 46.52±6.72b

IL-2 ng/L 7.62±2.44ab 6.41±2.03ab 5.54±1.82ab 7.46±2.86ab 7.08±3.16ab 13.33±3.27a 11.13±2.46ab 8.43±2.20ab 4.47±1.81b

IL-6 ng/L 9.16±5.97 21.53±10.27 4.88±3.25 14.05±8.98 3.99±3.61 20.25±8.61 8.84±4.58 31.25±13.37 30.59±10.95
IL-10 ng/L 18.84±14.01ab 14.45±9.15ab 13.08±10.97ab 3.81±3.81b 3.42±2.98b 23.99±13.82ab 34.20±7.78ab 39.77±10.78a 41.86±13.65a

a, b: Different letters in the same line are statistically significant (p<0.05). 

Table 2. The effects of ivermectin (0.2 mg/kg, SC, SID, 3 days) on serum immunoglobulins in sheep (mean±SE).

Parameter 0th day 1st day 3rd day 7th day 10th day 13th day 16th day 19th day 21st day
IgG mg/mL 2.25±0.21 2.30±0.15 2.30±0.16 2.49±0.18 2.36±0.29 2.69±0.22 2.34±0.29 2.67±0.32 2.80±0.28
IgM mg/mL 0.28±0.11 0.18±0.09 0.07±0.05 0.19±0.09 0.09±0.06 0.06±0.03 0.14±0.08 0.27±0.12 0.18±0.10

IgE mcg/mL 0.38±0.29b 0.65±0.39b 0.39±0.26b 0.41±0.38b 0.65±0.27b 2.05±0.39a 0.98±0.26b 0.67±0.29b 1.03±0.23b

a, b: Different letters in the same line are statistically significant (p<0.05). 
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