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Introduction

Widely usage of Methamidophos and other
organophosphate derivative insecticides for agricul-
ture leads to environment and air pollution, threatens
human health. The consumption of food contaminat-
ed with Methamidophos, inhalation and skin contact
with these compounds or the use in a variety of ways
for attempting suicide leads cellular and biochemical
toxicity in humans and other organisms(1).

Besides cellular destruction due to toxic effects
on various organs such as nervous system(2), skin(3),
liver(4), kidney(5); organophosphorus compounds are
reported to adversely affect embryonic develop-
ment(6) and have toxic effects on female(7) and male
reproductive system(8) of mice in experimental condi-
tions. With the realization of cessation of spermato-

zoon production due to pneumonia in humans(9),
many researchers have turned to study changes on
testicles made by a wide variety of different toxic
agents. Indeed, it was reported that carbosulfan caus-
es impairment in testicular function, decrease level
of follicle stimulating hormone (FSH) that plays a
role in spermatogenic development and cause reduc-
tion in number of spermatozoon by toxic effects(10). In
addition, especially regarding the results of intense
studies focusing on semen parameters, a significant
decrease in semen quality and an increase in abnor-
mally shaped sperm have been reported(11,12).
Although there are studies regarding toxic effects of
organophosphorus compounds on different organs
and tissues and ultrastructural changes in the
testis(8,13,14), there are no studies indicating whether
these effects are reversible with treatment or not.
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ABSTRACT

Aims: The study was aimed to clarify whether toxic effects of organophosphorus compounds on ultrastructural changes in the
testis tissue are reversible with antidotal treatment or not.

Materials and methods: In this prospective, controlled, electron microscopic animal study, Wistar albino adult male rats were
divided into 3 groups. 1st group received only isotonic sodium chloride. 2nd and 3rd groups received lethal dose of [(LD50) = 30 mg
/ kg] Methamidophos. 3rd group was treated with atropine and pralidoxime after cholinergic signs had evolved.

Results: In testicular tissue samples of rats in 2nd group, we have found structural degenerative changes. The giant lipid
droplets, dense mitochondria, agranüler endoplasmic reticulum vacuolization have been observed. The thickness of membrana pro-
pria and electron density of Sertoli have been increased. Also findings of cytoplasmic lysis in most of the tubules, arrest in spermato-
genic cells, immature release to lumen and apoptotic changes have been detected. In samples of 3rd group, degenerative changes in
testicular tissue were similar to the 2nd group, and no significant structural improvement was proved after treatment.

Conclusion: Our study revealed that acute exposure to Methamidophos causes important degenerative changes in all elements
of testicular tissue; and those structural degenerative changes are not reversible with pharmacological drug treatment in the acute
phase.
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This study was aimed to determine structural
effects of acute poisoning by Methamidophos, an
organophosphate derivative compound, on rat testis
and investigate whether these effects are reversible
or not with antidotal treatment at electron microscop-
ic level.

Materials and methods

The study was initiated after obtaining permis-
sion from Cukurova University Ethics Committee of
Experimental Animals. Wistar albino adult male rats
with an average weight of 190-250 g were used in
this study. Ambient temperature was kept at 22 ± 2
°C. Ventilation was provided with window type aspi-
rator. The windows were painted black and light-
dark cycle was adjusted to be 12 hours light-12 hours
dark with an automatic controller device (06:00 to
18:00 light, 18:00 to 06:00 dark). The rats were kept
in stainless steel wire cages. Sawdust was used for
bedding in the cage and they were replaced once a
week. Rats were fed with ready pellet feed and tap
water was used for water requirements. All rats were
provided free water and nutrient intakes.

Totally 50 Wistar albino adult male rats were
divided into 3 groups. Rats in 1st group (control
group, n=16) received only isotonic sodium chlo-
ride. 2nd group (experiment group, n=17) received
lethal dose of [(LD50) = 30 mg / kg]
Methamidophos and were waited until cholinergic
symptoms evolve. 3rd group (treatment group,
n=17) was also given the same dose of
Methamidophos but the rats were treated after
cholinergic signs had evolved. Methamidophos
(0,5- dimethyl-fosforamidothioat, average lethal
dose (LD50) = 30 mg/kg) was diluted with tap
water to 99.1% percent to be 30 mg/kg and was
given by gavage using a 20 gauge-feeding needle.

Cholinergic symptoms appeared within 5 min-
utes in rats in the experiment group. 8 minutes after
administration of Methamidophos, all the signs of
cholinergic crisis were seen and rats died. The time
of interval until emergence of the cholinergic symp-
toms was 5 minutes in treatment group as experi-
ment group after administration of Methamidophos.
However, all symptoms of cholinergic crisis, provid-
ing that treated, were recorded for this group (after 8
minutes). Single dose of 40 mg / kg Pralidoxime (2-
PAM) was administered to treatment group. Atropine
was also given until cholinergic symptoms regressed.
Atropine sulfate and 2-PAM were dissolved in saline
and were injected intraperitoneally with 23-gauge

needle.
Intracardiac blood samples were taken from all

the rats in each group in order to check pseudo-
cholinesterase levels and samples were measured by
enzymatic colorimetric method. (S-butyrylthio-
choline iodide) (Integra COBAS 800 Roche,
Germany).

At the end of the third day, the rats were anes-
thetized with intramuscular administered 75 mg / kg
ketamine and 5 mg / kg xylazine. Rats were posi-
tioned in supine position on the operating table. After
being sacrificed by intracardiac blood collection
method, testicles located in the scrotum were
removed immediately with the aid of a scalpel and
tweezers. The 1 mm3 testis specimens were fixed in
5% glutaraldehyde which was prepared with
Millonig phosphate buffer for 4 h at 4 - 8 C0,washed
in the same buffer, and then, post-fixed with 1%
osmiumtetroxide (OsO4) in sodium phosphate buffer
for 2 h at 4 - 8 C0. The tissues were dehydrated in
graded series of ethanol, then these specimens were
embedded in araldite. Fine sections from selected
areas were cut at 500 A˚ thickness and then stained
with uranyl acetate and lead citrate for transmission
electron microscopic (Jeol JEM 1400).

Results

Group 1
Membrana propria surrounding the tubules with

normal electron density was regular in nature. Basal
lamina was clear and smooth under the epithelial
cells. Inner non-cellular layer, myoid cells at inner
cellular layer, outer non-cellular layer and outer cel-
lular layers were normal (Figure 1).

Sertoli cells resting on the basal lamina had a
nucleus characterized by significant indentation. The
nucleus consisted of one or two nucleoli. Cytoplasm
included tubular cristae and cup-shaped mitochon-
dria, a few lipid droplets, extensive rough endoplas-
mic reticulum, free ribosomes, lysosomes and devel-
oped Golgi complex. Close links were observed
between spermatogenic cells. The nucleus was oval
shaped and consisted peripheral patch shaped nucle-
olus in Spermatogonium resting on the basal lamina
as Sertoli cell (Figure 1).

Spermatocytes containing nuclei characterized
by synaptonemal complexes reflecting spermatogen-
esis process were at normal electron density.
Cytoplasm included cristae mitochondria, micro-
tubules and developed Golgi complex. Acrosomal
vesicle was settled to a pole of the nucleus in sper-
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matids (Figure 1). Spermatogenic cells connected
with cytoplasmic bridges were also present in semi-
niferous tubules.

Pseudocholinesterase level of animals in the
control group was 579.4 ± 59.0 of IU / L.

Group 2
Electron microscopic examination of testis tis-

sue samples obtained from Methamidophos applied
group revealed irregularities of membrana propria in
most of the tubules, increase in total thickness, basal
lamina becoming irregular, folded and bilaminar,
basal lamina making protrusions into tubular epithe-
lial cells, slight collagen fiber increase in inner non-
cellular layer. Myoid cells with increased electron
density included many peripheral micropinocytotic
vesicles and cytoplasmic vacuoles (Figure 2).

In some micrographs, Sertoli cells were
observed to become electron dens and gaps between
them and basal lamina were seen. Nucleus was irreg-

ularly contoured and deepening of nucleus indenta-
tions were seen. Cytoplasm appeared foamy depend-
ing on smooth endoplasmic reticulum vacuolization.
Tubular mitochondria consisted dense, swollen and
degeneration showing, scattered microtubules in vac-
uolated cytoplasm. Also electron dense structures
and giant lipid droplets had also attracted attention.
Abnormal spermatozoa embedded in electron dense
Sertoli cell cytoplasm were also observed (Figure 2).

Pseudocholinesterase level of animals in the
experiment group was 32.6 ± 17.0 IU.

Group 3
In some of the samples of this group, mem-

brana propria had similarities to control group but
some tubules exhibited more degenerative changes.
Different degenerative changes were observed in
seminiferous tubule cells of tubules with relatively
normal membrana propria. Sertoli cells could be
identified with indented nucleus with prominent
nucleolus. Cytoplasm containing smooth endoplas-
mic reticulum, lipid droplets of various sizes, dis-
persed granular endoplasmic reticulum, tubular and
cup-shaped mitochondria was similar to the control
group (Figure 3). Spermatocytes with normal densi-
ty wrapped with cytoplasm’s of electron dense
Sertoli cells had nuclei characterized by synaptone-
mal complexes reflecting spermatogenesis process.
Some degenerated cristae mitochondria were in
groups in the cytoplasm and surfaces that come into
contact with each other was seen as electron dense
(Figure 3).

Pseudocholinesterase levels of animals in the
treatment group was 392.5 ± 39.4 IU / L. 

Comparison of their own pseudocholinesterase
levels between groups was statistically significant (p
= 0.000).
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Figure 1: Electron microscopic examination of the 1st
group [Normal membrana propria (MP), Sertoli cell with
normal electron density (S), Nucleus (N),
Spermatogonium (Spg), Mitochondria (M). Normal
seminiferous tubules. Spermatocytes (Spt), Spermatids
(Spd), Nucleus (N), Mitochondria (M), Bar. 0,5 µm].

Figure 2: Electron microscopic examination of the 2nd
group [Collagen fiber (col) increase and basal lamina
(bl) irregularities are observed in irregular membrana
propria (MP) with increased total thickness. Irregular
gaps (asterisk) are observed between widespread agranü-
ler endoplasmic reticulum (SER) vacuolization exhibi-
ting Sertoli cells (S) and shrunken Spermatogonium
(Spg). Irregular nucleus (N), degenerated mitochondria
(M), electron-dense structures (ds) and lipid droplets (L)
are seen in Sertoli cells with vacuolated cytoplasm and
increased electron density. Spermatocytes (Spt) bound
with cytoplasmic bridges (arrowheads) and spermatozoa
heads (arrows) are observed. Membrana propria (MP),
Bar. 0,5 µm].

Figure 3: Electron microscopic examination of the 3rd
group [Membrana propria (MP), spermatogonia (Spg),
nucleus (N), lipid droplets (L), mitochondria (M), sper-
matocytes (Spt) sertoli cells (S), Bar 0.2 µm].



Discussion

There are many factors that cause infertility in
men. One or more deficiencies at sperm develop-
ment and function are major cause of male infertility.
Undescended testis, immotile cilia syndrome, orchi-
tis, torsion, varicocele, chemotherapy, x-ray, medica-
tion, heat, or toxins can cause infertility in men.
Testicular tissue, where transformation of spermato-
gonia into spermatozoa occur, must be histologically
and biochemically healthy for fertility(15). In previous
studies, organic phosphates derivative compounds
such as endosulfan(2), carbendazim(16), methami-
dophos(17), tamoxifen citrate(18), sypermetrin(19) had
been reported to have pathological effects on male
reproductive system and cause disorders on semen
parameters (sperm count, semen quality). Although
there are studies showing effects of Methamidophos,
a derivative of organic phosphate, on rat kidney and
liver tissue are reversible with atropine and 2-PAM
antidotal treatment(4,5), there are no controlled studies
showing whether the effects on the testis are
reversible or not with treatment.

Methamidophos is widely used in our country
to fight agricultural insects. In our study by which it
was intended to investigate structural effects of acute
poisoning with Methamidophos on rat testis and
whether these effects are reversible with treatment, it
was found that acute exposure to Methamidophos
cause significant degenerative changes in membrana
propria, seminiferous tubules, myoid cells, Sertoli
cells and all series of spermatogenic cells and mito-
chondria of cells of testicular tissue. In addition,
unlike other studies, in our study, it was found that
minimal improvement occurs in degenerative
changes with atropine and pralidoxime treatment and
these structural degenerative changes are not fully
reversible in the acute phase.

The testicles, a part of the male reproductive
system, are responsible for production and nutrition
of spermatozoa with puberty, and synthesis of testos-
terone that is the main male sex hormone(20,21). In each
lobule of testis, there are seminiferous tubules where
sperm are produced and stroma-containing Leydig
cells which are responsible for production of testos-
terone. Seminiferous tubules are lined with complex,
multi-layer epithelium and contain two types of
cells: Sertoli cells and spermatogenic cells (sper-
matogonia, spermatocytes and spermatids).
Seminiferous epithelium is surrounded from outside
by a specialized fibrous tissue formed by basal lami-
na, collagen fibers and contractile myoid cells. This

fibrous tissue is called membrana propria(22).
In our study, acute exposure to Methamidophos

was found to cause degeneration on the structure of
the membrana propria. Membrana propria is physio-
logically very important for spermatogenesis.
Membrana propria provides mechanical support to
tubule cells, acts as a physiological barrier by trans-
mitting nutrients and metabolites from interstitium
into tubule cells and by preventing penetration of
chemical and toxic substances that could lead to
pathological changes in seminiferous tubules from
interstitium into seminiferous tubules.

In our study, swelling and degeneration of mito-
chondria was observed in spermatocytes and sper-
matids of rats in experiment and treatment groups.
Sperm motility and dysfunction caused by damage to
the mitochondria in sperm cells are known to cause
infertility(23).

In our study, degeneration was observed in
Sertoli cells that are known as supporting cells built-
in seminiferous tubules and protect spermatocytes
and spermatids from autoimmune reactions with
occludens type connections, make up the main struc-
ture of blood-testis barrier. Sertoli cells have many
functions such as supporting, protecting and nourish-
ing developing spermatogenic cells, releasing pep-
tides that regulate FSH synthesis and secretion, syn-
thesizing androgen-binding protein (ABP), produc-
ing anti-Mullerian hormone(20-22).

In studies conducted with other organic phos-
phorus compounds, these compounds were found to
cause degenerative changes that may cause infertili-
ty. Malation was found to cause a significant reduc-
tion in weight of the testis, epididymis, seminal vesi-
cle, and ventral prostate and decrease in testicular
and epididymal sperm density(24). Chlorpyrifos was
also reported to cause a significant reduction in tes-
ticular weight in the same way, fall in sperm count,
decrease in serum testosterone concentrations,
degenerative changes in seminiferous tubules
increased in parallel with the increase in dose(25).

Conclusion
As a result, our study revealed that acute expo-

sure to Methamidophos, an organic phosphate insec-
ticide, causes important degenerative changes in all
elements of testicular tissue; and those structural
degenerative changes are not reversible with pharma-
cological drug treatment in the acute phase. We con-
cluded that acute intoxication by Methamidophos
may cause infertility by severe degeneration of all
these structural elements of testicular tissue. New
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studies about this topic are required to evaluate the
degenerative changes that will occur due to exposure
to different doses and durations of organic phosphate
insecticides.
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