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carbamate fungicide. Mancozeb used for controlling fungal diseases for a wide variety of crops 
because of its broad-spectrum as fungicidal effects and high compatibility with agrochemicals. 
The objective of this study was to investigate the results of the fungicide mancozeb at different 
doses on some biochemical parameters, reproductive performance, and histological changes in 
testes and thyroid gland. The low amount equals 1/7 of LD50 manczeb-d1, and the high amount 
equals 1/3.5 of LD50 mancozeb-d1. Amounts of mancozeb (mancozeb-d1 and mancozeb-d2) 
adjusted according to the rat's body weights. The results showed that mancozeb decreased 
plasma testosterone level, sperm count, viability, motility, and significantly (P<0.05) increased 
abnormal sperms, altered acrosome, and abnormal DNA. Treatment of rats with manczeb-d1 and 
mancozeb-d2 significantly (P<0.05) decreased T3.      
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Abstract- Mancozeb manganese ethylene bis dithiocarbamate 
polymeric complex – with zinc salts is a very important 
protective non-systemic fungicide, classified as an ethylene 
bis dithio-carbamate fungicide. Mancozeb used for controlling 
fungal diseases for a wide variety of crops because of its 
broad-spectrum as fungicidal effects and high compatibility 
with agrochemicals. The objective of this study was to 
investigate the results of the fungicide mancozeb at different 
doses on some biochemical parameters, reproductive 
performance, and histological changes in testes and thyroid 
gland. The low amount equals 1/7 of LD50 manczeb-d1, and 
the high amount equals 1/3.5 of LD50 mancozeb-d1. Amounts 
of mancozeb (mancozeb-d1 and mancozeb-d2) adjusted 
according to the rat's body weights. The results showed that 
mancozeb decreased plasma testosterone level, sperm count, 
viability, motility, and significantly (P<0.05) increased 
abnormal sperms, altered acrosome, and abnormal DNA. 
Treatment of rats with manczeb-d1 and mancozeb-d2 
significantly (P<0.05) decreased T3. Also, T4 significantly 
(P<0.05) fell in the group treated with mancozeb-d2. 
Treatment of rats with mancozeb-d1, and mancozeb-d2 
significantly (P<0.05) increased TSH. Furthermore, the 
histological study showed that exposure to mancozeb 
reduced the number of mature spermatozoa, necrosis, and 
basal vacuoles observed in some tubules. Also, mancozeb 
reduces colloid in most follicles resulting in desquamation of 
the follicular epithelium into the lumen of the thyroid follicles. In 
conclusion, despite mancozeb exhibiting low acute toxicity, it 
has been shown to cause detrimental effects on reproduction, 
thyroid gland, and its secretion. For this reason, it is necessary 
to be careful when using mancozeb in agricultural areas and 
should take precautions. 
Keywords: mancozeb, rats, thyroid glands, testes, 
histology. 

I. Introduction 

ancozeb manganese ethylene bis dithio-
carbamate polymeric complex with zinc salts is 
a very important protective non-systemic 

fungicide, classified as an ethylene bis dithio -carbamate 
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fungicide. Ethylene bis (dithio-carbamate)s (EBDCs) are 
the most widely used classes of organic fungicides in 
the world because it can effect on abroad types of 
fungus, and high compatibility with agrochemicals[1]. 
The EBDCs registered for food uses in the United States 
are mancozeb, and zineb. They were first introduced 
during the 1940s are widely used. These compounds 
have low water solubility, which results in remaining on 
the surface of treated crops as superficial deposits[2]. 
Mancozeb consists of a zinc-rich shell surrounding a 
central nucleus of polymer-structured EBDC. This 
structure is highly stable, and the low solubility of the 
zinc shell means EBDC can pass through this layer and 
be deposited on the leaf surface[3]. Mancozeb is 
unstable in water and decomposed by light, heat, and 
moisture-producing; ethylene thiourea (ETU) and 
ethylene bis (isothiocyanate) sulphide (EBIS) and other 
degradation products such as glycine and ethylene urea 
(EU), which is further to CO2 under aerobic conditions. 
ETU is relatively stable and has a high solubility in water, 
so it can contaminate groundwater. ETU and EBIS are 
the main responsible compounds for the toxic effects 
linked to this fungicide group. ETU has teratogenic, 
carcinogenic, immunotoxic, and mutagenic effects, and 
EBIS is toxic and causes peripheral paralysis and 
thyroid dysfunction[4]. 

Ethylene bis isothiocyanate sulfide (EBIS), 
converted to ethylene bis isothiocyanate (EBI) by UV 
light. Both EBIS and EBI are active toxicants and can 
interfere with and inactivate sulphydryl groups in 
enzymes and amino acids, leading to enzymatic 
disruptions, and inhibition of spore germination[3, 5]. 

Mancozeb and its metabolites are widespread 
in the environment and have toxic effects due to their 
ingestion, inhalation, and percutaneous absorption by 
non- target organisms. Exposures to mancozeb are 
associated with a neurotoxic, developmental disability, 
immunotoxic, and carcinogenic effects in humans and 
experimental animals. Recent toxicological evidence has 
shown an endocrine- disruptive effect of mancozeb. It 
can disrupt the pituitary gland leading to decreasing the 
release of stimulating thyroid hormone (TSH) and thyroid 
hormones triiodothyronine and tetraiodothyronine. 
Moreover, it decreases thyroid hormone synthesis or 
action by directly interacting with nuclear hormone 
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receptors, inhibiting thyroid peroxidase, and inhibiting 
iodine uptake. Also, it has toxic effects on endocrine 
systems, ovary, testes, and epididymis[6]. 

Experiments conducted on rodents have 
established that mancozeb and ETU can cross the 
placental barrier with significant potential to disrupt 
reproductive performance, cause DNA damage, and 
initiate tumors in fetal cells[7]. 

II. Materials and Methods 

a) Animals, experimental design and sampling 

This study was approved by the Ethical 
Committee of the Institutional Animals Care and Use, 
Alexandria, Egypt, and met all guidelines for their use. 

Mancozeb (85%) was obtained from the central 
agriculture pesticide laboratory. Eighteen healthy adult 
male rats (Rattus norvegicus) with an average weight of 
(180±10)g were obtained from animal house, Faculty of 
Medicine, Alexandria University, and acclimated for two 
weeks before the experiment. They were assigned to 3 
groups and housed in Universal galvanized wire cages 
at room temperature (22-25 °C) and in a photoperiod of 
12h/day. Animals have been provided with a balanced 
commercial diet containing, 18% crude protein, 14% 
crude fiber, 2% fat, and 2600 Kcal DE/Kg feed. 

Animals were divided randomly into three 

groups (6 animals each). Animals were maintained on 
food and water ad libitum. Doses of mancozeb have 
been prepared by dissolving in carboxy methylcellulose 
and adjusted according to the rat's body weights and 
given orally by gavages approximately at the same time 
each morning, three times per weekday after day for 
four weeks. Group I (control) was orally administered 
with carboxy methyl cellulose. Group II was orally 
administered with a dose equal to 700 mg/Kg body 
weight of mancozeb (1/7 LD50). Group III was orally 
administered with an amount equivelent to 1400 mg/Kg 
body weight of mancozeb (1/3.5 LD50). 

The doses were chosen based on the previous 
study [8]. At the end of the treatment period, rats were 
sacrificed, blood was collected from the heart venacava, 
in heparinized tubes, and was centrifuged at 1,000xg for 
15 min. Blood plasma was separated in Eppendorf 
tubes and stored at -80˚C till further investigations. 
Testes were isolated, weighed, then washed with saline 
and preserved at -80 ˚C for further biochemical studies. 
Parts of testes and thyroid glands used for histological 
studies kept in formalin (10%). The crude homogenates 
of the testes were prepared according to Greer [9]. 

b) Testes homogenate biochemical assay and blood 
plasma enzymes and hormonal assay 

Acid phosphatase (ACP; EC 3.1.3.2) was 
determined according to Daniel[10], Fructose was 
determined according to Foreman[11]. Enzyme-linked 
immunosorbent assay (ELISA) of testosterone was 
determined according to Nash[12], while T3 and T4 were 

determined according to Thakur[13] and TSH was 
determined according to Liu[14]. Biochemicals and 
hormonal kits have been purchased from BioSystems 
Company. 

c) Sperm collection and analysis 
Immediately after decapitation, the rat's testes 

and epididymis were removed, cleaned from accessory 
tissues, and sperm collection was performed according 
to Trošić [15]. Sperm viability has been assessed by the 
eosin Y stain and the motility of sperm was assayed by 
the number of sperm that could move in a line. The 
percentage of viable sperm and the motility of sperm 
were calculated according to Wyrobek and Bruce[16]. 
The integrity of the acrosome was assessed using the 
Tejada acridine orange method[17, 18]. 

d) Histological examination 
Parts of testes and thyroid glands were fixed in 

10 % formalin solution, embedded in paraffin wax, and 
cut with a microtome for 5μ thick sections. The sections 
were stained by Hematoxylin and Eosin (H&E) stains 
and microscopically studied to evaluate their 
morphology[19]. 

e) Statistical Analysis 
The data were analyzed using a one-way 

analysis of variance (ANOVA) followed by Duncan's 
multiple comparisons. P<0.05 was statically significant 
according to Norušis[20]. 

III. Results 

a) Effects of Mancozeb on acid phosphatase (ACP) in 
blood plasma and testes homogenate and fructose 
level in testes homogenate of male rat 

The present study showed that, treatment of 
rats with mancozeb-d1

 increased ACP activity in blood 
plasma when compared to the control group, while in 

the group treated with Mancozeb-d2, ACP activity 
decreased when compared to control. Furthermore, in 
testes, homogenate treatment of rats with Mancozeb-d1

 

and Mancozeb-d2
 decreased ACP activity and fructose 

level when compared to the control group (Table1). 

b) Effects of Mancozeb on testosterone and sperm 
quality 

Treatment of rats with Mancozeb decreased 
testosterone when compared to the control group. Also, 
Mancozeb decreased sperm motility, viability, and 
increased the number of total abnormal sperm, altered 
acrosome, and abnormal DNA when compared to the 
control group (Table 2). 

c) Effects of Mancozeb on thyroid hormones in blood 
plasma 

Results presented in Table 3 showed that, 
treatment of rats with Mancozeb-d1

 and Mancozeb-d2
 

decreased T3 and T4 when compared to the control 
group. Treatment of rats with Mancozeb-d2

 decreased 
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TSH when compared to the control group, while 
treatment with Mancozeb-d1 increased TSH when 
compared to the control group. 

 
 

Table 1: Effects of Mancozeb on acid phosphatase (ACP) in blood plasma and testes homogenate and fructose 
level in testes homogenate of male rat 

Parameters 
Groups 

Control Mancozeb-d1 Mancozeb-d2 
ACP 
(IU/L) 

 
70.54±1.15b

 
 

76.60±2.17a
 

 
57.54±1.54c

 

ACP 
(IU/g tissue) 172.37±5.81a 160.39±10.60

b 
134.93±4.26c 

Fructose 
(mg/g tissue) 

 
151.95±2.65a

 
 

120.97±3.88b

 
 

122.91±4.90b

 

Results expressed as Mean ± SE, n=6 
In Tables, the values denoted by different letters within the same row represent significant differences (P<0.05). 
Mancozeb dose-1 (700mg/Kg) and Mancozeb dose-2 (1400mg/Kg), respectively 

Table 2: Effects of Mancozeb on testosterone in blood plasma and sperm quality 

Parameters
 Groups 

Control Mancozeb-d1 Mancozeb-d2 
Testosterone 

(µg/dL ) 3.93±0.114a 
3.20±0.093b 

3.03±0.088b 

Motility (%) 76.20±0.583a 66.70±2.12b 60.40±2.56c 
Viability (%) 71.00±0.548a 61.00±2.074b 54.00±2.793c 

Abnormal sperms (%) 5.30±0.2b 7.20±0.490a 8.20±0.583a 

Altered acrosome (%) 5.40±0.245b 7.40±0.510a 7.20±0.374a 

Abnormal DNA (%) 6.20±0.583b 7.20±0.374b 11.20±0.490a 

Results expressed as Mean ± SE, n=6 
In Tables, the values denoted by different letters within the same row represent significant differences (P<0.05). 
Mancozeb dose-1 (700mg/Kg) and Mancozeb dose-2 (1400mg/Kg), respectively 

Table 3: Effects of Mancozeb on thyroid hormones in blood plasma 

Parameters Groups 
Control Mancozeb-d1 Mancozeb -d2 

T3 (µg/dL) 619.8±18.04a 490.00±14.26b 481.0±14.00b 

T4 (µg/dL) 0.530±0.015a 0.214±0.006b 0.235±0.007b 

TSH (µg/dL) 0.466±0.014b 0.807±0.024a 0.415±0.012c 

Results expressed as Mean ± SE, n=6 
In Tables, the values denoted by different letters within thesame row represent significant differences (P<0.05). 
Mancozeb dose-1 (700mg/Kg) and Mancozeb dose-2 (1400mg/Kg), respectively 

d) Effects of Mancozeb on histological changes in 
testes 

Microscopic examination of control testes of 
male rats showed; typical testicular structure, normal 
spermatogonium cells (Spg) with its regular basophilic 
differentiated nuclei cells, normal spermatogenic (Figure 
1). On the other hand, testes tissue of male rats treated 
with Mancozeb-d1

 (700 mg/kg); revealed large basal 
vacuoles in the cytoplasm cells, necrotic (N) 
spermatocytes (SPC) reduced volume of mature 
spermatozoa (SP) in some tubules. Necrosis was 
observed in some tubules (N)(Figure 2). Meanwhile, 
treatment rats with Mancozeb-d2

 (1400mg/kg) showed, 
dispatching of the tubular epithelium from primary 

spermatogonial (PSG) layer and reduction of the primary 
(PSP) and secondary (SSP) spermatids, with the 
presence of basal vacuoles (BV) (Figure 3). 

e)
 

Effects of mancozeb on histological changes in the 
thyroid gland

 

Microscopic examination of the control thyroid 
gland of male rats showed; typical architecture with 
follicular cells (F) with colloid (C), parafollicular cells (C- 
cells) (Figure 4). Meanwhile, the thyroid gland of male 
rats treated with Mancoeb-d1

 
(700 mg/kg); showed 

vacuoles (V) in follicular epithelium, the follicular 
appeared flattened with flattened nuclei, reduction of 
colloid is evident; hyperplasia of parafollicular cells (C-
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Cells). Moreover, desquamation (d) of the follicular 
epithelium into the lumen of the thyroid follicles (Figure 
5). On the other hand, treatment of rats with Mancozeb-
d2 (1400mg/kg) showed interstitial edema (O), 

vacuolated erythrocytes (V), with variable size strands 
with irregular contours of the follicles (F), reduction of 
colloid in most follicles, hyperplasia of the follicular 
epithelium (Figure 6). 

 

Figure
 
(1):

 
Photomicrographs

 
of

 
testes section of male rats control

 
group

 
(H&EX200)

Figure
 

(2):
 

Photomicrographs of testes section of male 
rats treated with Manc-d1 (H&EX400)

 Figure (3):
 

Photomicrographs of testes section of male 
rats treated with Manc-d2 (H&EX200)

Figure

 

(4):

 

Photomicrographs of

 

thyroid

 

gland

 

section

 

of

 

male rats control

 

group

 

(H&EX400)
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Figure (5): Photomicrographs of thyroid gland section of 
male rats treated with Manc-d1 (H&EX400) 

Figure (6):
 
Photomicrographs of thyroid section of male 

rats treated with Manc-d2 (H&EX400)

IV.
 

Discussion
 

Fructose has been used to indicate the seminal 
vesicle function, obstructive azoospermia, and 
inflammation of male accessory glands [21]. 

Increases in sperm concentration are often 
accompanied by a decrease in fructose level in seminal 
plasma, because sperm use fructose as the primary 
source of energy. However, other studies have also 
shown that fructose concentrations in seminal plasma of 
patients with oligozoospermia and azoospermia did not 
decrease as compared to ordinary men[22]. Fructose is 
produced endogenously within the human brain from 
glucose by the polyol pathway[23]. 

So, the present results revealed that, the 
decrease in fructose level means depression in the 
polyol pathway (fructose formation) and inactivity in cells 
due to treatment with mancozeb (manc).

 

Ananthan and Kumaran[24]
 

showed that 
Mancozeb treatment (300 mg/kg body weight/day) for 
60

 
days caused a significant increase in acid 

phosphatase in the testicular tissue of rats and 
increased activities in the serum. The decrease in acid 
phosphatase activity in the testes following the 
administration of Mancozeb could be attributed to either 
leakage of the enzyme into the extracellular fluid as a 
result of the disruption of the ordered lipid bilayer of the 
membrane or inhibition of the enzyme activity by this 
fungicide corresponding with the present results [24, 25, 26]. 

The decrease of testosterone might be 
responsible for the decreased sperm counts and motility 
and also morphological abnormality of testes. The 
insecticides may cause mitochondrial membrane 
impairment in Leydig cells and disrupt testosterone 
biosynthesis by diminishing the delivery of cholesterol 
into the mitochondria and decreasing the conversion of 
cholesterol to testosterone.

 

  Acetamiprid-fed rats had fewer Leydig cells 
than regular diet-fed rats which may have been 

contributed to the reduction in testosterone 
biosynthesis[27]. 

Mancozeb and it's metabolites disturb 
endocrine gland action and its hormone secretion [6]. 
Treatment with mancozeb also changes the biochemical 
parameters of the reproductive tract. A fall in glycogen 
level may be due to interference in glucose metabolism. 
Fungicides induce inhibition of glycolytic enzymes, 
which affect the spermatozoa maturation and sperm 
motility. Inhibition of glycogen synthesis results in 
decreasing spermatogenesis process and reduction in 
serum testosterone[28]. 

Mancozeb has blocked the conversion of iodide 
to iodine. Inhibition in the iodide trapping and oxidizing 
process can lead to microscopic changes in the thyroid 
follicular cells and a reduced level of T4 [29]

 

The plasma TSH levels were increased upon 
chronic exposure to Mancozeb, indicating the usual 
negative feedback mechanism of the hypothalamus-
pituitary- thyroid axis to low plasma T4 concentration. 
Chronic exposure to mancozeb has also been shown to 
reduce the synthesis and action of thyroid hormone 
through directly interacting with nuclear hormone 
receptors and inhibiting thyroid peroxidase and iodine 
uptake[6]. 

V.

 

Conclusion

 

Mancozeb has adverse effects on the hormonal 
system, showing thyroid hormones disruption and 
decreased testosterone level resulting in abnormal 
sperms, thus reducing fertility, also exposure to 
mancozeb causes histological changes in the testes 
and thyroid gland.
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