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ABSTRACT 
 

Background: Dichlorvos is an organophosphate used indiscriminately as a pesticide in homes and 
for agricultural purposes. This study evaluated the effects of its low dose sub-lethal chronic 
exposure on male reproductive function using an animal (Rattus norvegicus) model. 
Methodology: Three groups of rats were given dichlorvos at the dosages of 0.28 mg/kg, 0.56 
mg/kg and 1.68 mg/kg respectively on alternate days. The control group was given only plain 
drinking water. The experiment lasted for 50 weeks. 
Results: Dichlorvos induced a dosage variation effect on blood levels of follicle stimulating 
hormone but this was insignificant on levels of luteinizing hormone, oestrogen, progesterone and 
dihydrotestosterone. Prolonged treatment with dichlorvos had no overall influence on luteinizing 
hormone levels. The major histological findings in descending order of frequency included tubular 
atrophy and degeneration, germ cell depletion, germ cell exfoliation, tubular necrosis, spermatid 
retention and Leydig cell hyperplasia, each scored on a semi-quantitative scale. After 50 weeks of 
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dichlorvos treatment, progesterone and oestrogen blood levels both had strong positive 
correlations with the frequency of germ cell exfoliation and residual bodies in the testes. In 
contrast, there was no statistically significant correlation between blood levels of follicle stimulating 
hormone, luteinizing hormone and dihydrotestosterone and the histological findings. 
Conclusion: This research evaluated the chronic effect of low dichlorvos exposure on 
reproductive function using an animal model. There was a strong positive correlation between 
progesterone and germ cell exfoliation and residual bodies. Oestrogen also correlated with germ 
cell exfoliation, depletion and presence of residual bodies. Furthermore, the correlation between 
the blood hormone levels and histological changes in the testes was largely unpredictable. 
 

 
Keywords: Dichlorvos exposure; chronic dichlorvos ingestion; hormone disruption; testes histology. 
 

1. INTRODUCTION 
 
Normal reproductive function in males, including 
spermatogenesis, involves the deployment and 
interplay between a complex assortment of 
peptide and steroid hormones [1]. 
Spermatogenesis, although orchestrated in the 
germinal epithelium of the testes, depends on a 
dynamic but delicate balance among the 
hypothalamus-pituitary-gonadal axis hormones 
which is maintained by a subtle feedback 
mechanism [2]. This balance plays a pivotal role 
in the synthesis, secretion, transport, 
metabolism, binding and action of these 
hormones. 
 
Spermatogenesis is primarily driven by the 
gonadotropins, follicle stimulating hormone 
(FSH) and luteinizing hormone (LH). These 
hormones are produced upon stimulation of the 
anterior pituitary by the gonadotropin releasing 
hormone (GnRH), a decapeptide produced by 
the hypothalamus and released in a pulsatile 
manner into the pituitary portal circulation.  
 
Once in circulation, luteinizing hormone (LH) 
triggers a cascade of downstream effects 
mediated by the second messenger, cyclic 
adenosine monophosphate (cAMP), leading to 
the formation of testosterone by the interstitial 
cells of Leydig. The testicular germinal cells 
begin to divide in response to the presence of 
this hormone. The follicle stimulating hormone, 
on the other hand, acts on the Sertoli cells to 
engender spermiogenesis.  
 
A horde of environmental toxins, industrial, 
agricultural or domestic chemicals, have been 
known to perturb the hypothalamic – pituitary – 
gonadal axis by disrupting the delicate balance 
between the hormones [3]. These include 
substances such as organophosphates used as 
pesticides [4]. Dichlorvos (commonly sold as 
Sniper) is used indiscriminately as a pesticide in 

homes and for agricultural purposes in Nigeria 
and most of sub-Sahara Africa. Worldwide 
consumption of pesticides for agricultural use is 
constantly rising [5]. And the consequent human 
health impact of exposure to these substances is 
equally enormous [6]. Dichlorvos is dimethyl 2,2-
dichlorovinyl phosphate (DDVP) which is an 
organophosphate. Organophosphates have been 
documented to induce a wide range of adverse 
health effects from mild allergies, rashes, 
breathing difficulties, neurotoxicity to 
reproductive abnormalities and neoplastic 
diseases [7]. The residues of these substances 
appear to be ubiquitous and have been reported 
to be present in water [8], vegetables [9] and 
food [10] consumed by humans. The effects of its 
acute toxicity are well known and are outside the 
scope of this paper. Similarly, most of the studies 
published on effects of this substance on 
reproductive functions are based on short term 
studies. Much fewer papers explored the effects 
of these substances in a manner which simulate 
the prolonged low dose continuous exposure of 
the people living in predominantly agricultural 
communities or low income communities where 
dichlorvos is considered a cheaper alternative for 
control of mosquitoes and other pests in homes. 
It was hypothesised by the authors that an 
exposure of this nature could potentially disrupt 
normal hormonal pattern and induce structural 
cellular effects in the testes; and that there might 
be a direct demonstrable correlation between 
hormone disruptions and induced adverse 
histological changes. 
 
2. MATERIALS AND METHODS 
 
Male Wistar albino rats (Rattus norvegcus) 
obtained from the Animal House of the University 
of Jos, Jos, Plateau State, Nigeria, were used for 
this work. The animals were housed in spacious 
cages under the same conditions of temperature 
and humidity. There was an average of 12 hours 
of light daily. They also received adequate 
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amounts of pellet feeds daily until they reached 
maturity and their weight ranged 120–200 g 
before commencement of treatments. 
 

The treatment substance was commercially 
available dichlorvos (2, 2, dichlorovinyldimethyl 
phosphate) sold as Sniper®, with purity of 98%. 
The established lethal dose (LD50) of 56 mg/kg 
for dichlorvos was used as reference (California 
Environmental Protection Agency, 1996) for the 
calculation of treatment regimes. 
 

Four groups of animals were given the following 
treatments for evaluation of hormonal effects of 
dichlorvos. The control group (Group 1) was 
given plain drinking water. Group 2 were 
received 0.28 mg/kg (0.5% LD50) while Group 3 
and 4 each had 0.56 mg/kg (1% LD50) and 1.68 
mg/kg (3% LD50) respectively using an oro-
gastric gavage tube. Treatments were 
administered on alternate days for the period of 
fifty weeks. At spaced intervals of 16.5 weeks, 
five animals were euthanized by cervical 
dislocation and blood samples were collected for 
blood hormonal assay by intra-cardiac puncture 
and aspiration. Blood levels of follicle stimulating 
hormone, luteinizing hormone, oestrogen, 
dihydrotestosterone and progesterone were 
evaluated using enzyme linked immunosorbent 
assay kit (Accu-Bind Elisa Microwells, 
manufactured by Monobind Inc., 100 North 
Pointe Drive, Lake Forest California 92630, 
USA).  
 

The testes were dissected out, fixed in buffered 
formal saline and processed routinely. Sections, 
3 – 5u thick, were made from the paraffin tissue 
blocks and stained with hematoxylin and eosin. 
The glass slides were evaluated using Leica DM 
750 binocular light microscope, (Leica 
Microsystems Limited, Switzerland).  Microscope 
images were taken using Leica ICC50 W camera 
mounted on the light microscope and the digital 
images were acquired and processed by Leica 
Application Suite, version 3.0.0, Build 629 
(released in 2013, Leica Microsystems Limited, 
Switzerland). The histological evaluation of the 
slides was based on established guidelines and 
the parameters assessed included tubular 
atrophy or degeneration, germ cell depletion, 
germ cell exfoliation, tubular vacuolation, tubular 
contraction, tubular dilation, spermatid retention, 
residual bodies, tubular necrosis, tubular 
neutrophilic inflammation, tubular granulomatous 
inflammation, perivascular necrosis or 
inflammation, interstitial oedema, multinucleated 
giant cells, sperm stasis or spermatocoele, 
tubular amyloid, tubular mineralization 

(calcification), Leydig cell atrophy, Leydig cell 
hypertrophy, Leydig cell adenoma, rete testis 
hyperplasia, epididymis degeneration or atrophy 
[11,12]. A semi-quantitative scoring system was 
adapted to grade each of the parameters 
evaluated in the seminiferous tubules as follows: 
score 0 (parameter absent), score 1 (minimal or 
<5% area of tubule affected), score 2 (slight or 5-
25% tubule area affected), score 3 (moderate or 
25-50% tubule area affected), score 4 (marked or 
50-75% tubule area), score 5 (severe or >75% 
tubule area affected) [12]. 
 

The data obtained from this research was 
managed and analysed using two statistical 
software applications, IBM SPSS Statistics, 
version 23 (Release date 2015; IBM Corporation, 
Armonk, New York, USA) and Microsoft Excel, 
version 16.0 (Release date 2016; Microsoft 
Corporation, Redmond, Washington).  
 

3. RESULTS 
 

Sixty male Wistar albino rats were allotted for this 
aspect of the research, but following an attrition 
rate of 16.67%, fifty were used for this 
evaluation.  
 

3.1 Blood Hormone Level Analysis 
 

The effects of dosage variation and duration of 
treatment of the rats with dichlorvos were 
assessed using Kruskal – Wallis H test for 
multiple comparisons since blood levels of the 
hormones violated requirements of normality and 
homogeneity for use of parametric tools.  
 

The median FSH blood levels in the controls 
were higher (MdnControl  0.650) than in the 
treated animals (MdnGroup 2, MdnGroup 3 & MdnGroup 

4  0.00). Kruskal – Wallis H test showed that a 
statistically significant difference existed between 
the blood levels of FSH obtained at different 
dichlorvos treatment dosages, H (3) =11.79, p  
0.008, with a significance (α) level of 0.05. A 
further post hoc Mann Whitney U test with 
Bonferroni correction rejected the null hypothesis 
that there was no statistical difference in the 
distribution of FSH levels on pairwise comparison 
between the control rats and those given 
0.28mg/kg (Group 2) or 0.56mg/kg (Group 3) of 
dichlorvos (p  0.022, p  0.020, respectively). 
However, the distributions of LH, oestrogen, DHT 
and progesterone blood levels were similar in all 
the experimental groups (p  0.237, p  0.097, p 
 0.517 and p  0.209, respectively) indicating 
lack of statistically significant effect of dichlorvos 
administration on these hormones.  
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There were statistically significant differences in 
the blood levels of follicle stimulating hormone 
(H(2)  8.448, p  0.015), oestrogen 
(H(2)=19.733, p=0.000), dihydrotestosterone 
(H(2)  24.036, p  0.000) and progesterone 
(H(2)=18.977, p=0.000) across 17 weeks, 34 
weeks and 50 weeks of experimentation. There 
was no significant change in LH levels 
throughout the period (H(2)=4.239, p  0.120). 
Thus, dichlorvos administration only altered the 
blood levels of the four hormones and had no 
notable influence on luteinizing hormone. Post 
hoc tests were performed to determine the time 
intervals with differences in significant hormone 
levels. It was found that FSH, oestrogen and 
progesterone had no significantly different blood 
levels when compared with controls between 17 
to 34 weeks (p  1.000, p  1.000, p=0.250, 
respectively) while a similar lack of difference 
was found between 34 to 50 weeks for DHT (p  
0.761) suggesting an early onset of effect of 
dichlorvos on DHT and late onset on the other 
hormones affected. 
 

3.2 Histological Evaluation of the Testes 
 
The histological parameters which were found at 
the three time intervals are shown on the Table 1 
below. Tubular dilation, tubular amyloid, 
calcification, Leydig cell atrophy, Leydig cell 
adenoma, rete testes hyperplasia, and disorders 
in the epididymis, prostate and seminal vesicles 
were absent in all the groups throughout the 
period of study. Tubular atrophy/degeneration, 
germ cell depletion, germ cell exfoliation and 
Leydig cell hyperplasia were the major changes 
seen in this study. There was a semi-quantitative 
assessment on a six-point scale and scores were 
awarded to each histological finding to indicate 
its degree of grade or severity. Fig. 1 is a bar 
chart which plotted the sum of these scores for 
each histological parameter. As shown on Table 
2, 88.9% (n=16/18), 94.1% (n=16/17) and 86.7% 
(n=13/15) of the animals at the end of 17-, 34- 
and 50-week intervals respectively had tubular 
atrophy or degeneration. Overall, tubular atrophy 
or degeneration was present in 90% (n=45/50) of 
all the animals in this study. The relative 
frequencies of the rest of the histological findings 
are presented on Table 2 below. 
 
Did administration of dichlorvos induce significant 
histological changes noted at the sample 
specimen collection intervals during the period of 
treatment? Having violated assumptions of 
normality and homogeneity, the values obtained 
from the semi-quantitative scoring of the gravity 

of the histological parameters were tested for 
differences in distribution using the Kruskal 
Wallis H test. There were no differences 
observed in the control group at the designated 
time intervals (p < 0.05) except with germ cell 
depletion (p = 0.038), in which the difference was 
found between 17 and 34 weeks (X2 (2) = 5.500, 
p = 0.032) on Mann Whitney U test with 
Bonferroni correction.  
 
In the Group 2 animals, significant differences 
were found in tubular atrophy/degeneration, 
vacuolation and contraction, and Leydig cell 
hyperplasia (p < 0.05). 
 
In the Group 3 animals, statistically significant 
differences were found only in the scores for 
residual bodies between 17 and 50 weeks on 
pairwise analysis (p = 0.032). Similar to Group 2, 
the Group 4 animals demonstrated differences in 
tubular atrophy/degeneration, vacuolation and 
contraction, and Leydig cell hyperplasia (p < 
0.05).  
 
3.3 Correlation between Blood Hormones 

and Histological Findings 
 
Spearman’s rho correlation coefficient was used 
to assess if any correlation existed between the 
sex hormone levels and scores of the histological 
findings (H0: s = 0, H1: s  0) in the treatment 
groups. There was a strong positive monotonic 
relationship between FSH and DHT at 17 weeks 
(rs = 0.616, n = 17, p = 0.008), and between FSH 
and LH at 50 weeks (rs = 0.730, n = 16, p = 
0.001). At 34 weeks, DHT had a statistically 
significant moderate negative correlation with LH 
(rs = - 0.524, n = 19, p = 0.021). There was a 
very strong correlation between germ cell 
depletion and tubular vacuolation at 17 weeks (rs 

= 0.867, n = 18, p = 0.000); between germ cell 
depletion and Leydig cell hyperplasia at 34 
weeks (rs = 0.873, n = 18, p = 0.000). At fifty 
weeks, there was a strong negative correlation 
between germ cell exfoliation and residual bodies 
(rs  - 0.829, n  17, p  0.000), and a strong 
positive correlation between tubular contraction 
and Leydig cell hyperplasia (rs  0.848, n  17, p 
 0.000).  
 
Table 3 shows details of the statistically 
significant correlation coefficients found in this 
study, and remarks on the strength of the 
relationships between the hormones and the 
histological findings. After 50 weeks of dichlorvos 
treatment, progesterone and oestrogen blood 
levels both had strong positive correlations      
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with the frequency of germ cell exfoliation        
and residual bodies in the testes (Table 3c).       
In contrast, there was no statistically     
significant correlation between blood levels of 
follicle stimulating hormone, luteinizing hormone 
and dihydrotestosterone and histological 
findings. 
 
Table 3. Correlation between blood hormone 
levels and histological findings. Spearman's rho 
correlation coefficient was used to explore the 
association between the parameters. The table 
includes a comment on the strength of the 

association, as weak, moderate, strong, or very 
strong. 
 
This entity represents the most common 
histological alteration induced by chronic 
dichlorvos treatment in this experiment. As 
shown on the photomicrograph, it is 
characterised by significant attenuation of the 
number of germ cells. Some of the seminiferous 
tubules are empty with complete burn out of the 
germ cells while others have reduced number of 
layers of the germ cells. Hematoxylin and eosin 
stain, x 10 objective magnification. 

 
Table 1. Occurrence of histological parameters assessed in testes 

 

 Present Absent 

17 weeks Tubular atrophy or degeneration§, germ cell 
depletion, germ cell exfoliation

§
, tubular 

vacuolation, spermatid retention§, residual 
bodies§, tubular necrosis, tubular 
granulomatous inflammation, Leydig cell 
hyperplasia, tubular neutrophilic 
inflammation, interstitial oedema, 
multinucleated giant cells. 

Perivascular necrosis or 
inflammation, tubular 
contraction, tubular dilation, 
sperm stasis or spermatocoele, 
tubular amyloid, tubular 
mineralization (calcification), 
Leydig cell atrophy, Leydig cell 
adenoma, rete testis 
hyperplasia, epididymis 
degeneration or atrophy, 
prostate abnormalities, seminal 
vesicle abnormalities. 

34 weeks Tubular atrophy or degeneration§, germ cell 
depletion

§
, germ cell exfoliation

§
, tubular 

vacuolation, spermatid retention, residual 
bodies

§
, tubular necrosis,

 §
 tubular 

granulomatous inflammation, Leydig cell 
hyperplasia, tubular contraction, tubular 
neutrophilic inflammation 

Perivascular necrosis or 
inflammation, tubular dilation, 
interstitial oedema, 
multinucleated giant cells, 
sperm stasis or spermatocoele, 
tubular amyloid, tubular 
mineralization (calcification), 
Leydig cell atrophy, Leydig cell 
adenoma, rete testis 
hyperplasia, epididymis 
degeneration or atrophy, 
prostate abnormalities, seminal 
vesicle abnormalities 

50 weeks Tubular atrophy or degeneration
§
, germ cell 

depletion§, germ cell exfoliation§, tubular 
vacuolation, spermatid retention

§
, residual 

bodies§, tubular necrosis, tubular 
granulomatous inflammation, Leydig cell 
hyperplasia, tubular contraction, interstitial 
oedema, multinucleated giant cells, sperm 
stasis or spermatocoele. 

Perivascular necrosis or 
inflammation, tubular dilation, 
tubular neutrophilic 
inflammation, tubular amyloid, 
tubular mineralization 
(calcification), Leydig cell 
atrophy, Leydig cell adenoma, 
rete testis hyperplasia, 
epididymis degeneration or 
atrophy, prostate abnormalities, 
seminal vesicle abnormalities. 

§ 
This histological feature was also present in some of the control group animals
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Table 2. Relative frequencies of histological findings 
 
  17 weeks (n=18)  34 weeks (n=17) 50 weeks (n=15)   
  Histological features X

¶
 % (x/n*100)

§
 X

¶
 % (x/n*100)

§
 X

¶
 % (x/n*100)

§
 Sum %  

1 Tubular Atrophy/Degeneration 16 88.9 16 94.1 13 86.7 45 90 
2 Germ Cell Depletion 13 72.2 16 94.1 13 86.7 42 84 
3 Germ Cell Exfoliation 13 72.2 16 94.1 13 86.7 42 84 
4 Tubular Vacuolation 3 16.7 6 35.3 6 40.0 15 30 
5 Tubular Contraction 0 0.0 3 17.6 8 53.3 11 22 
6 Tubular Dilation 0 0.0 0 0.0 0 0.0 0 0 
7 Spermatid Retention 8 44.4 7 41.2 10 66.7 25 50 
8 Residual Bodies 5 27.8 5 29.4 10 66.7 20 40 
9 Tubular Necrosis 5 27.8 9 52.9 12 80.0 26 52 
10 Tubular Inflammation: Neutrophilic 0 0.0 0 0.0 4 26.7 4 8 
11 Tubular Inflammation: Granulomatous 0 0.0 0 0.0 0 0.0 0 0 
12 Perivascular Necrosis/Inflammation 0 0.0 0 0.0 0 0.0 0 0 
13 Interstitial Oedema 0 0.0 0 0.0 1 6.7 1 2 
14 Multinucleated Giant Cells 0 0.0 0 0.0 1 6.7 1 2 
15 Sperm Stasis/Spermatocoele 0 0.0 2 11.8 2 13.3 4 8 
16 Tubular Amyloid 0 0.0 0 0.0 0 0.0 0 0 
17 Tubular Mineralization (Calcification) 0 0.0 0 0.0 0 0.0 0 0 
18 Leydig Cell Atrophy 0 0.0 0 0.0 0 0.0 0 0 
19 Leydig Cell Hyperplasia 5 27.8 9 52.9 11 73.3 25 50 
20 Leydig Cell Adenoma 0 0.0 0 0.0 0 0.0 0 0 
21 Rete Testis Hyperplasia 0 0.0 0 0.0 0 0.0 0 0 
22 Epididymis Degeneration/Atrophy 0 0.0 0 0.0 0 0.0 0 0 
23 Prostate abnormalities 0 0.0 0 0.0 0 0.0 0 0 
24 Seminal Vesicle abnormalities 0 0.0 0 0.0 0 0.0 0 0 

¶ Values denote the number of animals in which each histological feature was found. 
§ The percentages are expressed as the proportion of the number of sacrificed at 17, 34 or 50 weeks; n=sum of animals; x=the number of animals with the histological 

parameter under consideration
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Fig. 1. Overall frequency of each histological finding. Tubular atrophy or degeneration was the 
most common entity in the testes 

 

Table 3a. Correlation values at 17 weeks 
 

 Correlated parameters rs p n Strength¶ 

1 FSH and DHT 0.616** 0.008 17 S 
2 FSH and tubular atrophy/degeneration 0.657

** 
0.004 17 S 

3 FSH and spermatid retention 0.525* 0.031 17 M 
4 Tubular atrophy/degeneration and germ cell 

depletion 
0.563

* 
0.015 18 M 

5 Tubular atrophy/degeneration and tubular 
vacuolation 

0.583* 0.011 18 M 

6 Tubular atrophy/degeneration and germ cell 
exfoliation 

0.587* 0.010 18 M 

7 Tubular atrophy/degeneration and spermatid 
retention 

0.587
* 

0.010 18 M 

8 Germ cell depletion and tubular vacuolation 0.867
** 

0.000 18 VS 
9 Germ cell depletion and spermatid retention 0.681** 0.002 18 S 
10 Germ cell depletion and germ cell exfoliation 0.554

* 
0.017 18 M 

11 Germ cell depletion and tubular necrosis 0.508* 0.031 18 M 
12 Germ cell exfoliation and tubular vacuolation 0.766** 0.000 18 S 
13 Germ cell exfoliation and spermatid retention 0.633

** 
0.005 18 S 

14 Germ cell exfoliation and tubular necrosis 0.515* 0.029 18 M 
15 Tubular vacuolation and spermatid retention 0.742

** 
0.000 18 S 

16 Spermatid retention and residual bodies 0.544* 0.020 18 M 
17 Spermatid retention and tubular necrosis 0.663

** 
0.003 18 S 

18 Residual bodies vs. tubular necrosis 0.577
* 

0.012 18 M 
rs: Spearman's rho correlation coefficient, p: calculated significance value, n: sample size. 

** Correlation is significant at the 0.01 level (2-tailed). 
* Correlation is significant at the 0.05 level (2-tailed). 

¶ M: moderate correlation, S: strong correlation, VS: very strong correlation 
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Table 3b. Correlation values at 34 weeks 
 

 Correlated parameters rs p n Strength 
1 LH vs. DHT -0.524

* 
0.021 19 M 

2 Progesterone and spermatid retention 0.547
* 

0.019 18 M 
3 Tubular atrophy/degeneration and germ cell 

exfoliation 
0.502* 0.034 18 M 

4 Tubular atrophy/degeneration and tubular 
vacuolation 

0.530* 0.024 18 M 

5 Tubular atrophy/degeneration and tubular necrosis 0.582* 0.011 18 M 
6 Tubular atrophy/degeneration and tubular 

contraction 
0.483* 0.042 18 M 

7 Tubular atrophy/degeneration and Leydig cell 
hyperplasia 

0.685** 0.002 18 S 

8 Germ cell depletion and Tubular 
atrophy/degeneration 

0.531* 0.023 18 M 

9 Germ cell depletion and tubular vacuolation 0.550
* 

0.018 18 M 
10 Germ cell depletion and tubular contraction 0.611** 0.007 18 S 
11 Germ cell depletion and tubular necrosis 0.510

* 
0.031 18 M 

12 Germ cell depletion and Leydig cell hyperplasia 0.873** 0.000 18 VS 
13 Germ cell exfoliation and spermatid retention 0.697

** 
0.001 18 S 

14 Tubular contraction and Leydig cell hyperplasia 0.524
* 

0.025 18 M 
15 Residual Bodies and tubular necrosis -0.695** 0.001 18 S 
16 Residual Bodies and sperm stasis/spermatocele 0.750

** 
0.000 18 S 

17 Residual bodies and Leydig cell hyperplasia 0.529* 0.024 18 M 
18 Leydig cell hyperplasia and tubular vacuolation 0.663

** 
0.003 18 S 

19 Leydig cell hyperplasia and tubular necrosis 0.529
* 

0.024 18 M 
rs: Spearman's rho correlation coefficient, p: calculated significance value, n: sample size. 

**. Correlation is significant at the 0.01 level (2-tailed). 
* Correlation is significant at the 0.05 level (2-tailed). 

¶ 
M: moderate correlation, S: strong correlation, VS: very strong correlation 

 

 
 

Fig. 2. Tubular atrophy/degeneration 
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Table 3c. Correlation values at 50 weeks 
 

 Correlated parameters rs p n Strength 
1 FSH and LH 0.730

** 
0.001 16 S 

2 Oestrogen and progesterone 0.577
* 

0.019 16 M 
3 Oestrogen and tubular atrophy/degeneration -0.533* 0.034 16 M 
4 Oestrogen and germ cell depletion -0.717

** 
0.002 16 S 

5 Oestrogen and germ cell exfoliation 0.671** 0.004 16 S 
6 Oestrogen and residual bodies -0.771

** 
0.000 16 S 

7 Progesterone and germ cell exfoliation 0.600
* 

0.014 16 S 
8 Progesterone and residual bodies -0.744** 0.001 16 S 
9 Tubular atrophy/degeneration and germ cell 

depletion 
0.747

** 
0.001 17 S 

10 Germ cell depletion and germ cell exfoliation -0.553
* 

0.021 17 M 
11 Germ cell depletion and tubular contraction -0.691

** 
0.002 17 S 

12 Germ cell depletion and residual bodies 0.698** 0.002 17 S 
13 Germ cell depletion and sperm 

stasis/spermatocoele 
0.573

* 
0.016 17 M 

14 Germ cell exfoliation and residual bodies -0.829
** 

0.000 17 VS 
15 Tubular vacuolation and sperm 

stasis/spermatocoele 
0.583

* 
0.014 17 M 

16 Tubular contraction and tubular necrosis 0.561
* 

0.019 17 M 
17 Tubular contraction and Leydig cell hyperplasia 0.848** 0.000 17 VS 
18 Spermatid retention and tubular  necrosis 0.669

** 
0.003 17 S 

19 Spermatid retention and multinucleated giant cells 0.542* 0.025 17 M 
20 Spermatid retention and interstitial oedema 0.542* 0.025 17 M 
21 Residual bodies and sperm stasis/spermatocoele 0.566

* 
0.018 17 M 

rs: Spearman's rho correlation coefficient, p:calculated significance value, n: sample size. 
** Correlation is significant at the 0.01 level (2-tailed). 
* Correlation is significant at the 0.05 level (2-tailed). 

¶ M: moderate correlation, S: strong correlation, VS: very strong correlation 
 

4. DISCUSSION 
 
Follicle stimulating hormone (FSH) supports 
spermatogenesis quantitatively, and in Sertoli 
cells, acts synergistically with testosterone to 
stimulate the cells to activate signals for 
maturation of germ cells [13]. In this research, 
there was statistically significant difference 
observed between the level of FSH in the 
controls and those in the experimental groups 
given dichlorvos (DDVP). The point at which this 
effect took place in the hypothalamus-pituitary-
gonadal axis is, however, outside the scope of 
this work. The blood level of FSH found in the 
experimental groups had a lower median value 
than in controls. Dirican et al. documented a 
decrease in FSH in rats treated with dichlorvos 
[14]. However, unlike in this present study where 
there was no dose related effect with the other 
hormones blood levels, these researchers found 
a decrease in the levels of LH and testosterone 
[14].  
 
Krause et al had previously observed that the 
level of FSH and LH levels remained the same 

while testosterone levels decreased on  
exposure of adult male rats to 
dichlorodiphenyltrichloroethane (DDT), DDVP 
and malathion. This group suggested that DDVP 
had a direct cytotoxic effect on the testes [15]. 
The levels of FSH, oestrogen, DHT and 
progesterone varied over time in our study. The 
duration of treatment appeared not to have any 
influence on LH levels. Sharma et al., however, 
observed a decrease in FSH, LH and 
testosterone after 40 days administration of 
dichlorvos suggesting loss of feedback control 
[16]. 

 
A case –control human study targeting 
occupational exposure to pesticides in 51 
pesticide sprayers found that FSH levels 
increased in the workers when compared to the 
controls. This paper was limited in scope 
because it failed to specify the names or kinds of 
the pesticides implicated to enable readers place 
the results in the proper perspective. The LH and 
testosterone levels were unaffected similar to the 
findings in our study [17]. In contrast, another 
study which assessed the hormone levels of 
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farmers exposed to pesticides showed a 
significant decrease in FSH, LH and testosterone 
[18].  
 
These studies from animals and humans           
show wide variations in the impact on                 
reproductive physiology following exposure to 
organophosphates. This observation may not be 
explained in a simplistic manner since a few 
authors have noted effects extending beyond  
the hypothalamus-pituitary-gonadal hormonal 
pathway to complex metabolic pathways in the 
liver. Dichlorvos administration was found to 
induce widespread disruption of energy 
metabolism in zebrafish [19], and reduced 
hepatic glucokinase while increasing also the 
glucokinase mRNA levels [20]. Glucokinase has 
been identified as an important component of 
glucose sensing pathways in the cells of anterior 
pituitary gland of rats and monkeys [21]. The 
significance of these findings was reviewed in 
detail in a recent paper [22]. The pulsatile 
stimulation of hypothalamic cells for release of 
gonadotropin releasing hormone (GnRH) is 
regulated by an upstream population of cells 
found in the arcuate nucleus that co-express the 
neuropeptides kisspeptin, neurokinin B and 
dynorphin (known as KNDy cells) [23,24]. GnRH 
receptor activation results in phospholipase C 
activation, inositol 1, 4, 5-tris-phosphate (IP3) 
mediated endoplasmic reticulum calcium release 
leading to gonadotropin synthesis and release 
[25,26]. Co-localisation of glucokinase and the 
hormones in the same cells found in a study 
suggests that the release of follicle stimulating 
hormone and luteinizing hormone is interlaced 
with glucose homeostasis [27]. In addition, KNDy 
cells express receptors for insulin and leptin [24], 
further supporting the suggestion that disruption 
of energy pathways may partly explain the 
hormonal disruption observed with DDVP. Again, 
the complexity of these interactions may be the 
cause of the attenuation of feedback control 
documented in some studies [16]. 
 
In summary, the literature on the impact of 
chronic dichlorvos exposure on reproductive 
physiology is probably by  direct cytotoxicity,             
or indirectly via neural pathways with              
inhibition of cholinesterase [28], dopaminergic 
neurodegeneration [29], oxidative stress [14,30] 
and disruption of multiple metabolic [19] and 
genetic pathways [31]. 
 
A stable germinal population, a major 
determinant of fertility, depends on a balance 
between committed cell division and attrition 

through apoptosis and anoikis [32]. Loss of germ 
cells may manifest in various ways. Tubular 
atrophy or degeneration, germ cell depletion, 
germ cell exfoliation and Leydig cell hyperplasia 
were the major changes observed in this 
experiment. Ninety percent of the animals had 
tubular atrophy or degeneration. 
 
There has existed in the biomedical literature a 
relative gap with absence of comprehensive 
detailed descriptions of testicular histological 
changes induced on chronic exposure to 
dichlorvos. Driven by the aim of finding 
substances which can ameliorate effects of 
exposure and possibly improve fertility indices, 
less attention has been paid to structural 
alterations. It is believed by the author that the 
relative paucity of explicit explanations linking 
structural changes to measured functional 
alterations observed in most papers on this 
subject is predicated on less attention to 
histological changes despite documented 
evidence that poor sperm parameters is largely 
due to loss or changes in germ cells. In the 
experiment conducted by Dirican et al, with 
dichlorvos and vitamins were given to rats, 
oedema was noticed after four weeks and 
necrosis, after seven weeks, was found in some 
seminiferous tubules. The vitamins appeared not 
to have the desired protection in the longer term 
as necrosis was also observed in those 
administered the dichlorvos and vitamins. 
Although the experiment ran for seven weeks, 
necrosis and interstitial oedema were the only 
histological alterations described [14]. In another 
experiment to find out if selenium had protective 
properties against methyl parathion, an 
organophosphate (similar to dichlorvos), a group 
of rats were treated with both substances for 
eight weeks. The workers documented necrosis, 
vacuolation, disruption of the seminiferous 
epithelium and loss of germ cells [33]. While 
germ cells are readily affected, Sertoli cells 
appear to be more resilient as was also noted in 
the present study [34]. However, some workers 
documented Sertoli cell destruction and 
disorganisation of germinal epithelium after 90 
days of treatment with dimethoate [35]. 
Vacuolation, germ cell depletion and germ cell 
sloughing (exfoliation) were, in a like manner, 
found in experiments conducted by two separate 
researchers in which chlorpyrifos, another 
organophosphate, was given for periods of 45 
and 90 days respectively [36,37]. A combination 
of chloropyrifos and fenitrothion administered for 
28 days produced necrosis and tubular atrophy 
in one study [38]. There were few histological 
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changes recorded by these studies unlike this 
present work which explicitly presented 
histological changes not previously documented 
in any similar research. In addition, this work 
further scored the histological findings on a semi-
quantitative scale to compare the severity of 
observed changes.  
 
This work also uniquely correlated the frequency 
of the histological changes with measured blood 
hormones. After 50 weeks of dichlorvos 
administration, there was no statistically 
significant correlation between DHT, FSH, and 
LH with the frequencies of histological 
alterations. There was a strong positive 
correlation between both germ cell exfoliation 
and residual bodies, and progesterone. 
Oestrogen also correlated with germ cell 
exfoliation, depletion and presence of residual 
bodies. Germ cell degeneration is the end point 
of most toxicants [39]. The correlation between 
the hormone levels and histological changes 
appear unpredictable in this study. Certainly, 
male sub-fertility observed in pesticide exposure 
may not be simplistically explained by hormone 
disruption or direct cytotoxicity alone. Perhaps, 
these factors and more subtle molecular and 
genetic pathways are involved.  
 
A paper which reviewed findings from various 
human and animal studies to determine the risk 
of breast cancer on dichlorvos exposure 
concluded that there was lack of express 
evidence of its carcinogenicity  [40]. And a 
previous seminal research conducted by Chan et 
al. [41] in which dichlorvos was given for 103 
weeks failed to find any neoplasm in the 
reproductive organs of the male rats and mice 
[41]. Similarly, in the present study in which the 
rats were exposed to dichlorvos for 50 weeks, 
there was no neoplastic growth found in the 
testes of any of the animals. However, a large 
cohort study disclosed that there exist a little 
excess risk of prostate cancer from lifetime 
exposure to dichlorvos [42]. 
 
5. CONCLUSION 
 
This research evaluated the chronic effect of low 
dichlorvos exposure on reproductive function 
using an animal model. Firstly, variation in the 
exposure dose had significant effects on blood 
levels of FSH. Secondly, prolonged exposure 
failed to influence the blood levels of luteinizing 
hormone in the animals. Thirdly, most of the 
animals experienced tubular atrophy or 
degeneration. Fourthly, the correlations between 

the hormones and histological changes were 
largely unpredictable. There was a strong 
positive correlation between progesterone and 
germ cell exfoliation and residual bodies. 
Oestrogen also correlated with germ cell 
exfoliation, depletion and presence of residual 
bodies. This is probably due to the complex 
molecular pathways and their interactions to 
induce metabolic or hormone disruption, 
cytotoxicity and genotoxicity caused by 
dichlorvos.  
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