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Abstract 
The present study seeks to investigate the effect of thiamethoxam on the histology and physiology of 

male mice reproductive system. This study was conducted at College of Veterinary Medicine-Baghdad, 

from August to December 2016. Fifty adult males Swiss Albino mice, aged two months, were divided 

into five equal groups. The first group was immunized with B. abortus antigen. The second group was 

given thiamethoxam orally. The third group was treated with the same treatments in group 1 and 2. 

Group 4 was injected with virulent B. abortus. Group 5 acted as negative controls. All animals were 

euthanized and blood samples were taken for hormonal analysis. Pieces of testes and epididymis were put 

in 10% normal buffer formalin for routine histopathological sectioning. Results showed that 

thiamethoxam significantly decreased the sperm viability, motility and testosterone levels. In conclusion, 

thiamethoxam has a toxic effect for spermatogenesis in mice. The use of thiamethoxam should be 

experienced to avoid any harm to human and livestock. 
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Abbreviations: CFBAgs: Culture filtrated B abortus antigen; nAChRs: nicotinic acetylcholine receptors; 

IP: Intraperitoneal; ROS: Reactive oxygen species; TMX: Thiamethoxam 

 

1. Introduction 
Thiamethoxam (TMX), a relatively new pesticide, belongs to second-generation of 

neonicotinoid pesticides, a group of several different insecticides, with mostly applicable, 

imidacloprid: thiacloprid and clothianidin [1]. Pesticides are classified according to their target, 

their mode or period of action, or their chemistry [2]. The wide use of TMX is attributed to its 

efficacy at low doses, variety of application methods, and long half-life [3]. It is bio-activated 

by cytochrome P450 enzymes via desulphuration to its related Oxon derivative [4]. There is a 

close resemblance of TMX chemical structure to nicotine: rendering it as agonist in mammals 
[5]. 

Although TMX is believed to be less toxic to mammals due to its lower interaction with 

vertebrate nAChRs compared to insect’s [6], ingestion of a large amount could develop high 

toxicity targeted at the reproductive system [7]. Effects on male fertility can directly damage 

spermatozoa, alter Sertoli cell or Leydig cell function, or interfere with endocrine function in 

any stage of hormone control (hormone synthesis, release, storage, transport, and removal; 

receptor recognition and binding), thyroid function and the central nervous system [8]. 

Chemical changes in sperm nuclear proteins during the final stages of spermatogenesis are part 

of the causes of male reproductive toxins [9]. 

The insecticides used in commercial construction can be toxic and dangerous to a growing 

fetus [10]. They tend to alter human development, usually because they have endocrine agonist 

or antagonist activities and alter hormonal and genetic regulation [11]. In many epidemiological 

studies, declining sperm quality has been reported in agricultural workers [12]. In animal 

models, the results showed that a single dose of diazinon (8.125 mg/Kg, IP) given to mice 

could alter sperm function, mobility, morphology and ability to conceive [12]. 

In vitro, TMX induces lipid peroxidation, alters the functions of antioxidant enzymes and 

DNA damage [13]. Sublethal doses can lead to reduced growth and propagation of aquatic 

invertebrate, disruption of algae-invertebrate interactions, reduced egg production, delayed 

sexual maturation, changes in mammal behavior and disruption of ovarian structure [14]. 
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Other studies have shown that exposure to natural chemicals 

such as diazinon and malathion causes cancer or reduces 

reproductive functions in animals and humans [15]. The present 

study is designed to investigate the effects of TMX on the 

level of sex hormones and histopathology of testis in adult 

male mice . 

 

2. Materials and Methods 

2.1. Chemicals, bacterial isolate and experimental mice 

Thiamethoxam (Sigma, St. Louis, MO) and other chemicals 

were of standard analytical grade. The virulent culture of B. 

abortus was obtained from Dept of Microbiology, College of 

Veterinary Medicine-University of Baghdad. Fifty, 2 months 

old, adult males Swiss Albino mice at the age of two months 

were purchased from the Institute of Vaccine and Sera, 

Ministry of Health, Baghdad. Mice were kept in plastic cages 

for 5 days at the Animal House to adapt to the conditions 

before the start of the study. Pellets and water are given per ad 

libitum. All tests were performed at the Lab of Pathology, 

College of Veterinary Medicine-University of Baghdad, from 

August to December 2016. 

 

2.2. Experimental design 

All Experimental procedures were approved by the Animal 

Care and Use Committee (approval no. 1689/23 Aug 2016). 

Mice were divided into five equal groups, 10 each. Group 1 

(G1) consists of mice immunized with CFBAgs (protein 

concentration 4.2mg/ml), two IP doses at two weeks intervals. 

Group 2 (G2) were daily gavaged with TMX (83.7mg/Kg 

BW). Mice of group 3 (G3) were administered both 

treatments of G1 and G2 for 9 weeks, and IP injected with 0.3 

ml of live virulent B. abortus suspension containing 1 x 109 

CFU/ ml. Mice in group 4 (G4) were IP injected with same 

dose and concentration of the same bacteria, one month after 

the experiment started and served as positive control. The 5th 

group (G5) was orally administrated with 0.3 ml of normal 

saline and served as negative control. 

 

2.3. The Median lethal dose (LD50) of thiomethoxam  

The "Up-and-down" method [16] was used to determine the 

lethal dose (LD50) of TMX. Six albino mice weighing (20–

25) gm were given 750-850 mg TMX (40mg/ml DW, orally) 

per Kg bodyweight. The dose difference was 50mg/Kg BW. 

The LD50 was calculated after observation the lethality in the 

dosed animals within 24 hours. The LD50 is calculated by 

using the equation  

 

LD50 = xf + kd 

 

xf =The final dose given  
k = factor value from appendix  
d = difference between dosing levels  

 

2.4. Assay 

The filtered culture of B. abortus antigen (CFBAgs), prepared 

according to Quin et al. [17], was used for vaccinating animals. 

Hormonal assay was performed by radioimmunoassay as 

described by Schulster et al. [18]. Abnormal Sperm Assay: 

Spermatogenesis in mice was performed according to Bruce 

and Heddle [19]. The caput and cauda epididymis extracted 

from male mice were placed in a petridish containing 1ml of 

physiological saline and then minced and teased carefully 

with fine scissors and forceps to release the spermatozoa. 

After gentle pipetting, the suspension is separated from the 

tissue fragments and to this suspension, a drop of 1% Eosin Y 

solution (10:1) was added for 30 minutes. Air-dried smears 

were prepared on clean grease-free glass slides using another 

clean slide angularly positioned at 300 to spread the drop 

through the whole length of the slide. The slides were then 

coded and cytologically examined under 40x binocular light 

microscopy. Eight separate slides were prepared for each 

mouse randomly. Percentage of active sperms was estimated 

as in the following equation: 

 
Viability= [Number of live sperms/Total Number of sperm] x 100 

 

Motility= [Number of motile sperms/Total Number of sperm] x 100 
  

2.5. Histopathology 

Pieces (o.5 cm3) of testes and epididymis were prepared and 

fixed in 10% normal buffer formalin for 36-48 hours and 

processed for routine histopathological examination [20]. 

 

2.6. Statistical analysis  

Data was analyzed by one way ANOVA using SPSS 16.0 for 

Windows (SPSS Inc., Chicago, IL). The significance level 

was selected at P<0.05.  

 

3. Results 

Significant reductions in sperm count and spermatogenesis, as 

well as a decrease in serum testosterone concentration were 

observed (Table, 1). Testes showed micro-lesions represented 

as degenerative changes in seminiferous tubules, Leydig and 

Sertoli cells compared to the control groups. Seminiferous 

tubules of testes of Mice in G1 showed normal stage of 

spermatogenesis (Fig. 1). Epididymis filled with sperm (Fig. 

2). Mice in G2 showed that inflammatory cells mainly 

neutrophil infiltrated in sub epithelial layer of the epididymis 

and in the interstitial tissue (Fig. 3) as well as focal 

hyperplasia of the epithelial lining cells of the epididymis. In 

addition, there were few or no sperm in the epididymis and 

incomplete mature spermatogenesis. Homogeneous material 

and cellular debris were observed in the lumen (Fig. 4). The 

main lesion in the testes of mice in G3 characterized by few 

or no sperm in the seminiferous tubules with round multi 

nuclei cell in the lumen (Fig. 5) accompanied by 

homogeneous material and cellular debris (Fig. 6). Mice in 

G4 (positive control group) showed lesion characterized by 

few or no sperm in the epididymis (Fig. 7) and incomplete 

mature spermatogenesis (Fig. 8). Vice versa, there was no 

significant microscopic findings in G5 (negative control) 

mice. 

 
Table 1: Testosterone concentration, sperm motility and viability in thiamethoxam treated mice at 9 weeks post–treatment 

 

G G1 G2 G3 G4 G5 

Testosterone (ng/ml) 77.8±0.3a 19.7±0.22f 55.1±0.21d 60.0±0.57b 54.24±0.18e 

Sperm motility (%) 32.0±2.3a 25.0±0.69c 28.0±0.5b 20.0±0.3d a 30.0±2.3 

Sperm viability (%) 38.2±0.5a 37.0±0.6e 5.0±0.3c 3.0±0.8d 40.1±1.2b 

Data expressed as mean ± SE. 

Different superscript within rows refer to significant differences at p<0.05. 
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4. Discussion  

The present study showed a significant decrement (P≤0.05) in 

serum testosterone levels of TMX-treated mice compared 

with other groups, particularly the negative control group. 

This refers to that TMX induced oxidative stress mediated 

free radical production, damaging the testicular cells 

responsible for Testosterone production. Coinciding the 

present study result, El-Shenawy et al. [21] argued that 

pesticide is incriminated in increasing ROS or 

malondialdehyde and decreased the level of the antioxidants 

GSH, GSH-Px, SOD or catalase resulting in marked oxidative 

stress. Testosterone is necessary for sex organs 

differentiation, spermatogenesis and male fertility [22]. 

Prolonged exposure to toxic pesticides leads to hormonal 

disruption leading to fertility, adrenal exhaustions [23] and 

decreased serum steroid hormone levels by increasing 

catabolism and elimination of steroids [24]. Eventually, 

diminished serum level of testosterone is due to the effects of 

TMX causes decline in spermatogenesis and fertility in male. 

Moreover, this study showed a significant decrement 

(P≤0.05) in sperm concentration and motility which is mainly 

affected by serum Testosterone in mice treated with TMX as 

comparable with their levels in other groups. This evidence is 

coincided with Maxwell and his colleague [25] who revealed 

that acetamiprid significantly reduced the weight of whole 

body, testes, seminal vesicle, epididymis and prostate. 

Moreover, acetamiprid significantly decreased serum 

testosterone concentration, as well as sperm count, 

performance, viability and motility. 

Sperm count is highly correlated with malformations and 

histological deteriorations, both of which are fundamental 

criteria of early testicular toxicity due to chemicals [26]. 

Abnormalities may be caused by genes in the sperm head or 

perhaps due to an abnormal chromosome complement. Severe 

pathological lesions in the testes of mice treated with TMX, 

as presented by our study, may be due the generation of ROS, 

which cause severe pathological changes in the reproductive 

tracts. This idea is consistent with Dutta and Meijer [27] who 

reported immature histological appearance of the testis, 

manifested by marked reductions in spermatogenesis, 

moderate tubular atrophy and increased spermatic giant cells 

in the testes of all TMX treated mice. Lack of testosterone 

level, which is requested along with Sertoli cells to perform 

spermatogenesis implies a significant importance [17].  

Congested blood vessels with neutrophils in their lumen that 

were recorded in the testes (Fig. 3) may be due to relaxed 

smooth muscle of blood vessels induced by the NO, a free 

radical. This idea agrees with Pierce et al. [28] who recorded 

that over production of NO can cause toxic effects and 

vasodilatation effects. Moreover, the pathological lesions in 

reproductive tract are resulting from lipid peroxidation, 

inhibition protein synthesis and depletion of ATP by NOS [29]. 

The current result showed that the serum levels of 

Testosterone, sperm motility and concentration in immunized 

and immunized-TMX mice were significantly higher than 

those in mice treated with TMX only. This result may give an 

indication that immune response may stimulate enzymatic 

antioxidant against toxic effects of TMX. This observation is 

consistent with Marri and Richner [30] who showed that birds 

can eschew stress caused by a transient increase in ROS 

generated by immune activation. Coinciding to present 

results, Colleen et al. [31] found that GnRH (FSH, LH), E2 and 

progesterone with vaccination can increase reproductive 

steroid hormonal levels, and the total per ejaculate sperm 

number was correlated with testosterone concentration [32]. 

The present finding explained that the serum levels of 

Testosterone, sperm motility and concentration in mice 

infected with Brucella were lower comparable with other 

groups. This may indicate a severe degree of infection of the 

testes. Several infectious conditions resulted in epididymitis 

and orchitis in male [33]. These results are in consistence with 

Depuydt et al. [34], who showed that ROS might be increased 

in chronic urogenital diseases associated with an increase in 

leukocyte counts and the involvement of cytokines associated 

with epididymitis that affect sperm function. Numerous 

studies have investigated the relationship between interleukin 

concentration, WBCs, and sperm function [34]. These 

epididymal changes are often associated with slight to 

moderate testicular degeneration and interstitial localization 

of lymphocytes and macrophages accompanied by neutrophils 

accumulation in the lumen of the epididymis [35]. These 

lesions contribute to poor spermatic quality and an increased 

frequency of degeneration defects associated with infection 
[36]. 

 

5. Conclusion 

In conclusion, thiamethoxam possesses a deteriorative toxic 

effect on spermatogenesis in mice. Therefore, the use of 
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thiamethoxam should be limited within a designed program. 

 

6. Acknowledgment 

The authors are very grateful to Dr Nawal Dh Mahmood for 

the technical support provided. 

 

7. References 

1. Brandt A, Gorenflo A, Siede R, Meixner M, Büchler R. 

The neonicotinoids thiacloprid, imidacloprid, and 

clothianidin affect the immunocompetence of honey bees 

(Apis mellifera L.). Journal of Insect Physiology 

2016;86:40-47. 

2. Saurabh G, Pankaj P, Khati Anita S. Mycoremediation of 

Imidaclopridin the Presence of Different Soil 

Amendments using Trichoderma_longibrachiatum and 

Aspergillus oryzae Isolated from Pesticide Contaminated 

Agricultural fields of Uttarakhand. Journal of 

Bioremediation & Biodegradation 2015;6:5. 

3. Maienfisch P, Angst M, Brandl F, Fischer W, Hofer D, 

Kayser H, Widmer H. Chemistry and Biology of 

Thiamethoxam: a Second Generation Neonicotinoid. Pest 

Management Science 2001;57(10):906-913. 

4. Sams C, Cocker J, Lennard MS. Biotransformation of 

chlorpyrifos and diazinon by human liver microsomes 

and recombinant human cytochrome P450s. Xenobiotica 

2004;34(10):861-873. 

5. Thany SH. Agonist actions of clothianidin on synaptic 

and extrasynaptic nicotinic acetylcholine receptors 

expressed on cockroach sixth abdominal ganglion. 

Neurotoxicology 2009;34:861-873. 

6. Tomizawa M, Cowan A, Casida JE. Analgesic and toxic 

effects of neonicotinoid insecticides in mice. Toxicology 

and Applied Pharmacology Journal 2001;177(1):77-83.  

7. Shadnia S, Moghaddam HH. Fatal intoxication with 

imidacloprid insecticide. American Journal of Emergency 

Medicine 2008;26(5):634. 

8. Bretveld R, Brouwers M, Ebisch I, Roeleveld N. 

Influence of pesticides on male fertility. Scandinavian 

Journal Work Environment and Health 2007;33(1):13-28. 

9. Pina-Guzman B, Solis-Heredia MJ, Quintanilla-Vega B. 

Diazinon alters sperm chromatin structure in mice by 

phosphorylating nuclear protamines. Toxicology and 

Applied Pharmacology Journal 2005;15:189-198. 

10. Ducolomb Y, Casas E, Valdez A, Gonzales G, 

Altamirano – Lozano M, Betancourt M. In vitro effect of 

malathion and diazinon on oocyte fertilization and 

embryo development in porcine. Cell Biology and 

Toxicology 2009;25:623–633. 

11. Mankame T, Hokanson R, Fudge R, Chowdhary R, 

Busbee D. Alteration of gene expression in human cells 

treated with the agricultural chemical diazinon: possible 

interaction in fetal development. Human and 

Experimental Toxicology Journal 2006;25:225-233. 

12. Recio-Vega R, Ocampo-Gómez G, Borja Aburto VH, 

Moran-Martínez J, Cebrian-Garcia ME. 

Organophosphorus pesticide exposure decreases sperm 

quality: association between sperm parameters and 

urinary pesticide levels. Journal of Applied Toxicology 

2008;28:674–680. 

13. Altuntas I, Kilinc I, Orhan H, Demirel R, Koylu H, 

Delibas N. The effects of diazinon on lipid peroxidation 

and antioxidant enzymes in erythrocytes in vitro. Human 

and Experimental Toxicology Journal 2004;23:9-13.  

14. Maxwell LB, Dutta HM. Diazinon-induced endocrine 

disruption in bluegill sunfish, Lepomis macrochirus. 

Ecotoxicology and Environmental Safety 2005;60:21-27. 

15. Wesseling C, Antich D, Hogstedt C, Rodríguez AC, 

Ahlbom A. Geographical differences of cancer incidence 

in Costa Rica in relation to environmental and 

occupational pesticide exposure. International Journal of 

Epidemiology 1999;28:365-374. 

16. Dixon WJ. Efficient analysis of experimental 

observations. Annual Review of Pharmacology and 

Toxicology 1980;20:441-462. 

17. Quin PJ, Carter ME, Narkey BK, Carter GR. Clinical 

Veternary Microbilogy. Wlfe publishing mosby–year 

Book. Inc. Europe limited. 6th edition 2004, P250. 

18. Schulster A, Farookhi R, Brawer JR. Polycystic ovarian 

condition in estradiol valerate-treated rats: spontaneous 

changes in characteristic endocrine features. Biology of 

Reproduction 1984;31:587-593. 

19. Bruce WR, Heddle JA. The mutagenic activity of 61 

agents as determined by the micronucleus, Salmonella 

and sperm abnormality assays. Canadian Journal of 

Genetic Cytology 1979;21:319-334. 

20. Luna LG. Manual of histologic staining methods of the 

armed forces institute of pathology, 3rd edn; 

McGrawHill, New York, NY 1968. 

21. El-Shenawy NS, El-Salmy F, Al-Eisa RA, El-Ahmary B. 

Amelioratory effect of vitamin E on organophosphorus 

insecticide diazinon-induced oxidative stress in mice 

liver. Pesticide Biochemistry and Physiology 

2010;96(2):101–107. 

22. Pidoux G, Gerbaud P, Tsatsaris V, Marpeau O, Ferreira 

F, Meduri G. Biochemical characterization and 

modulation of LH/CG-receptor during human trophoblast 

differentiation. Journal of Cellular Physiology 

2007;212:26-35. 

23. Cardone A. Imidacloprid induces morphological and 

molecular damages on testis of lizard (Podarcis sicula). 

Ecotoxicology 2015;24:94–105. 

24. Civen M, Brown CB. The effect of organophosphate 

insecticides on adrenal corticosterone formation. 

Pesticide Biochemistry and Physiology 1974;4:254–259. 

25. Maxwell CK, Leung Jimmy P, Nancy C, Baker, Nisha S, 

Sipes Gary R et al. Systems Toxicology of Male 

Reproductive Development: Profiling 774 Chemicals for 

Molecular Targets and Adverse Outcomes. 

Environmental Health Perspectives 2016;124(7):1050–

1061. 

26. McGregor MB, Roland Thiamethoxa S. Toxicity 

Evaluation Consultants, Aberdour, Scotland Federal 

Institute for Risk Assessment, Berlin, Germany 2010, 

P611-623. 

27. Dutta HM, Meijer HJ. Sublethal effects of diazinon on 

the structure of the testis of bluegill, Lepomis 

macrochirus: a microscopic analysis. Enviromental 

pollution 2003;125:355-360. 

28. Pierce JD, Cackler AB, Arnett MG. Why should you care 

about free radicals? American Journal of Nursing 

2004;67(1):38-42. 

29. Ray SD, Lam TS, Rotollo JA, Phadke S, Patel C, 

Dontabhaktuni A et al. Oxidative stress is the master 

operator of drug and chemically-induced programmed 

and unprogrammed cell death: Implications of natural 

antioxidants in vivo. Biofactors 2004;21:223-232. 

30. Marri V, Richner H. Immune response, oxidative stress 

and dietary antioxidants in great tit nestlings. 

Comparative Biochemistry and Physiology 

2015;179:192-6. 



 

~ 1206 ~ 

Journal of Entomology and Zoology Studies 
 

31. Colleen D, Jenny P, Tracy D, Terry S. Abomasal and 

uterine adenocarcinomas with ovarian metastasis in a 

captive elk (Cervus elaphus nelsoni). Journal of 

Veterinary Diagnostic Investication 2007;19:560–56. 

32. Walker S, Robison OW, Whisnant CS, Cassady JP. 

Effect of divergents election for testosterone production 

testicular morphology and daily sperm production in 

boars. Journal of Animal Sciences 2004;82:2259–2263. 

33. Esra B, Aylin AD, Sevil E, Sabire DM. Epidymitis and 

orchitis caused by Brucella melitensis biovar 3 in a 

Merino ram. Turkish Journal of Veterinary and Animal 

Sciences 2013;37:358-361. 

34. Depuydt CE, Bosmans E, Zalata A, Schoonjans F, 

Comhaire FH. The relation between reactive oxygen 

species and cytokines in andrological patients with or 

without male accessory gland infection. Journal of 

Andrology 1996;17(6):699-707. 

35. Carvalho CA, Moustacas VS, Xavier MN, Costa EA, 

Costa LF, Silva TMA et al. Andrological, pathologic, 

morphometric, and ultrasonographic findings in rams 

experimentally infected with Brucella ovis. Small 

Ruminant Research 2012;102(2):213–222. 

36. Cameron RDA, Lauerman LH. Characteristics of semen 

changes during Brucella ovis infection in rams. 

Veterinary Record 1976;99:231–233.  

 

 


