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Laboratory male pupae of Culex pipiens were exposed to 23, 41, 74 and 128 Gy doses of gamma radiation
according to the LD25, LD50, LD75 and LD90 calculation, respectively. The inherited deleterious effects of
gamma radiation were observed in the F1, F2 and F3 generations. Levels of sterility index in the F1 and F2
were higher than those of untreated control but in the F3 generation there was a semi-sterility compared
with the control. Ultrastructure of normal males' testes of C. pipiens was studied using transmission
electron microscopy. Histopathological responses were observed in the irradiated testes of C. pipiens.
Gamma radiation had greatly affected the testes, such as (i) rupture, necrosis, degeneration and small
vacuoles were reported in the testicular wall (ii) an abnormal distribution of the developmental stages of
spermatogonia and spermatocytes leading to a general decrease in the rate of spermatogenesis; and (iii)
deformity of sperm inhibitting the movements and the fertility of the sperm led to the decrease in the
reproductive potential of C. pipiens. Consequently, these radiation doses are consistent with those used in
the already established Sterile Insect Technique (SIT) programmes against Culex pipiens.
© 2016 The Egyptian Society of Radiation Sciences and Applications. Production and hosting by Elsevier
B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/

by-nc-nd/4.0/).
1. Introduction

Mosquitoes are carriers of various vertebrate blood parasites. In
Egypt Culex pipiens (Diptera; Culicidae) is widely distributed and is
the main carrier of Rift Valley Fever virus Darwish and Hoogstraal
(1981), Wuchereria bancrofti (falariasis) Gad, Hammad, and Farid
(1996) and Western Nile virus (Pelah, Abramovich, Markus, &
Wiesman, 2002). Hassan et al. (2003) studied the possibe experi-
mental transmission of Hepatitis C virus (HCV) by C. pipiens.

The high hopes for mosquitoes control placed on residual in-
secticides were soon belied by the discovery of resistance in mos-
quito vector. This discovery has once again stressed the value of
using other methods for mosquito's control. On the other hand,
releases of sterile individuals have permitted the successful
regional extermination of primary pests, such as the New World
screwworm, Cochliomyia hominivorax Coquerel, the Mediterranean
abarty).
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fruit fly, Ceratitis capitata Wiedemann, and the Mexican fruit fly,
Anastrepha ludens Loew (Klassen & Curtis, 2005; Krafsur, 1998).
Sterile Insect Technique (SIT) was tested for mosquito control in the
1970s by using several sterilizing approaches, such as chemo-
sterilization, ionizing radiation, cytoplasmic incompatibility, or
chromosometranslocations (Benedict & Robinson, 2003; Dame,
Curtis, Benedict, Robinson, & Knols, 2009). Research is currently
being performed to improve the different technical steps
(Robinson, Grantham, & Clark, 2009). Some field trials have shown
encouraging potential of the releases of sterile mosquitoes in
reducing wild population of Anopheles albimanus Weidhaas,
Breeland, Lofgren, Dame, and Kaiser (1974), Aedes aegypti Harris
et al. (2012), Aedes polynesiensis O'Connor et al., (2012) and A.
albopictus Bellini, Medici, Puggioli, Balestrino, and Carrieri (2013).

Many tissues show negligible damage in mature insects, and the
reproductive organs are sensitive to gamma radiation because the
germinal cells usually seem moderate to severe damage (Tilton &
Brower, 1983). The rapidly dividing germinal cells that are still in
the process of differentiation are particularly radiosensitive, and
because of their active division, they express radiation damage
quickly. In some cases, as with larvae or adults, it appeared that
on and hosting by Elsevier B.V. This is an open access article under the CC BY-NC-ND
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innate genetic factors determine the time and mode of post-
radiation mortality (Hasan, Khalequzzaman, & Khan, 1989). The
histopathological effects of gamma irradiation are morphological
modifications occurring in mosquito spermatozoa during their
transit through the male and female reproductive tract (Ndiaye,
Mattei, & Thiaw, 1997). At full sterilizing radiation doses, non-
dividing somatic cells are also damaged and the radiation de-
creases the overall quality of the insect; e.g. vigor, longevity and
mating competitiveness (Franz, 1999).

The structure of testes and the development of the germinal
cells have been described in Drosophila melanogaster by Bairati
(1967) and (Coulthart & Singh, 1988; Wang et al.,1992; Joly &
Bressac, 1994). Several authors have also studied the male
germinal cells of Culicidae. The spermatogenesis in 18 species of
mosquitoes was studied by Wandall (1986), whereas the ultra-
structural diversity in the spermatids was revealed by Ndiaye et al.
(1997). Moreover, the ultrastructure of spermatozoa of Chrysomya
megacephala has been recently described by Name, Pujol-Luzc, and
B�aob (2010).

The aim of the present work is to evaluate the latent effect of
gamma irradiation on the reproductive potential and ultrastructure
of Culex pipiens males' testes.

2. Materials and methods

2.1. Insect rearing technique

In this study, Culex pipiens L mosquito was obtained from the
Medical Entomology Research Center. The mosquito was reared for
several generations, in the Insectary of Medical Entomology at the
Department of Zoology Faculty of Science Al-Azhar University,
under controlled laboratory conditions (27 ± 2 �C, 70 ± 10% rh and
12-12 lightedark regime).

2.2. Irradiation process

Gamma cell-40 (cesium-137) irradiattor unit was used in per-
forming this study located at National Center for Radiation
Research and Technology (NCRRT), Cairo, Egypt. The dose rate of
the radiation unit was 2.3 Gy/min.

2.3. The latent effect of gamma irradiation on the reproductive
potential of irradiated males Culex pipiens

The susceptibility of males pupae of Culex pipiens to different
doses of gamma irradiation and the determination of (LD25 - 23 Gy),
(LD50 - 41Gy), (LD75 - 75 Gy) and (LD90 - 128Gy) are given in detail
in (Selim, 2015).

To evaluate the effect of gamma radiation (LD25, LD50, LD75, and
LD90) on the reproductive potential of males C. pipiens at 1st (F1),
2nd (F2) and 3rd (F2) generation. Male pupae were exposed to
gamma radiation doses (LD25, LD50, LD75 and LD90 Gy) to give
irradiated parents. The irradiated male's parents collected by an
aspirator allowed mating with normal females to give the irradi-
ated F1 generation. Males which emerged from the first irradiated
generation were collected and allowed to mate with normal fe-
males to give the irradiated second generation. Males which
emerged from the F2 irradiated generation were collected and
allowed to mate with normal females to give the irradiated F3
generation. The control's data (non-irradiated __ Х non-irradiated
\\) of F1, F2 and F3 generation were recorded.

Three replicates were performed for each dose level through the
three generation (each one had 10 irradiated males vs 10 non-
irradiated females). Adult males that emerged from the pupal
stage which were treated with each dose level were collected and
transferred with normal females obtained from the colony to the
wooden cages (20 � 20 � 20 cm) using an electric aspirator rec-
ommended by (WHO), and fed on a 10% sugar solution for three
days. Then, the adult males and females were left for one day
without the sugar solution. On the 5th day, the starved females
were allowed to take a blood meal from a pigeon and allowed to
oviposite on dechlorinated water (oviposition traps) in the cages.
The number of eggs/raft was counted using binoculars and then the
mean value was calculated.

The eggs were sorted into two categories (hatched and non-
hatched eggs) according to the method used by Hassan, Zayed,
and Ahmed (1996). The non-hatched eggs were further classified
into embryonated and non-embryonated eggs by the apparent
confirmation of the presence of an embryo under a dissecting mi-
croscope. Hatched and non-hatched embryonated eggs were
considered fertilized, while non-hatched and non-embryonated
eggs were regarded as unfertilized ones (Rak & Ishii, 1989). The
egg-hatchability was calculated and the sterility percentage was
estimated according to the formula of Toppozada, Abdallah, and El-
Defrawi (1966).

2.4. Histopathological and ultrastructure on male's testes of Culex
pipiens

Males that resulted from irradiated pupae by the LD25, LD50, and
LD75 were killed with chloroform after 3 days of feeding on the 10%
sugar solution. The head, thorax, legs and wings were removed
under a stereo microscope, with fine dissecting needle to clarify the
anatomy of mosquitoes. Testes were obtained anatomically with
fine two dissecting needles according to El-Shaikh (2002) and put
in 5% glutaraldehyde. Specimen tissues were made ready for
Transmission Electron Microscopy TEM (JEOL 1010 Transmission
ElectronMicroscope) was used in examining stained sections at the
Regional Center for Mycology and Biotechnology (RCMB), Al-Azhar
University.

2.5. Statistical analysis

One way analysis of variance (ANOVA) using SPSS (statistical
package for social sciences, ver.15.0) was involved in analyzing
experimental data and the significance among the samples was
compared at P � 0.05. Results were represented as mean ± SE
(n ¼ 3).

3. Results

3.1. The latent effect of gamma irradiation on the reproductive
potential of irradiated males Culex pipiens

The results obtained represented the reproductive potential of
adult males Culex pipiens at F1, F2 and F3 generation resulted from
irradiated male pupae (parent). In the F1 generation, the fecundity
of non - irradiated females crossed with irradiated males resulted
from irradiated male pupae was decreased by increasing the irra-
diation dose level. Also, the statistical analysis revealed a significant
decrease (p < 0.01) in the mean number of eggs, where it was 591.7,
446.0 and 347.7 eggs/ten\\ at LD25, LD 50 and LD 75,respectively,
compared with 838 ± 7.2 eggs/ten\\ for the control. Also, there was
a reduction in the hatchability percent, where it was 72.6, 51.5 and
23.0% at the doses LD25, LD50 and LD75,respectively, compared with
94.0% for the control group (Table 1).

The non-hatched eggs were sorted into two categories;
embryonated (with embryonic development) and non-
embryonated (without embryonic development). The percent of
embryonated eggs was 47.8, 54.1 and 69.1% at the doses LD25, LD 50



Table 1
The reproductive potential of males Culex pipiens resulted from irradiated pupae in the F1 generation.

Dose (Gy) No.of eggs laid/ten\\
(mean ± SD)

No. of hatched eggs
(mean ± SD)

No. of non - hatching eggs (mean ± SD) Sterility Index
(S.I.) %

Total % Total Embryonated Non-Embryonated

No. % No. %

LD25 (23 Gy) 591.7 ± 16.9** 429.33 ± 13.01** 72.6 162.33 ± 4.72** 77.66 ± 2.08** 47.8 84.66 ± 5.03** 52.2 45.5
LD50 (41 Gy) 446.0 ± 32.** 229.66 ± 16.4** 51.5 216.33 ± 16.07** 117 ± 7.93** 54.1 99.33 ± 9.01** 45.9 70.8
LD75 (75 Gy) 347.7 ± 22.4** 80 ± 14.7** 23 267.66 ± 7.63** 185 ± 5.0** 69.1 82.66 ± 11.54** 30.9 89.8
LD90 (90 Gy) e e e e e e e e e

Control 838.0 ± 7.2 788 ± 2.0 94 50 ± 8.71 8.33 ± 2.08 16.6 41.66 ± 6.65 83.4 e

(*)¼ Significant< 0.05, (**)¼ highly Significant, P< 0.01, ns¼ non-significant> 0.05, SD¼ standard deviation and (LD90)¼ (�) at this dose the irradiated pupae did not emerge
from pupal stage.
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and LD 75, respectively, compared to 16.6% for the control. On the
other hand, the percent of non-embryonated eggs was 52.2, 45.9
and 30.9% at the doses LD25, LD 50 and LD 75, respectively, vs. 83.4%
for the control (Table 1).

A positive correlation between the sterility index and the dose
level was observed, where it was 45.5, 70.8 and 89.8% at the doses
LD25, LD 50 and LD 75,respectively, compared to 0.0% for the control
group (Table 1).

In the F2 generation, the fecundity of non-irradiated females
crossed with irradiated males resulted from the 1st generation was
decreased by increasing the irradiation dose level. Also, the statis-
tical analysis revealed a significant decrease (p < 0.001) in themean
number of eggs, where it was 680, 576.7 and 527.3 eggs/ten\\ at the
doses LD25, LD 50 and LD 75,respectively, compared with 797 eggs/
ten\\ for the control. Also, there was a reduction in the hatchability
percent, where it was 86.5, 77.3 and 61.1% at the doses LD25, LD 50
and LD 75, respectively, compared with 95.2% for the control group
(Table 2).

The percent of embryonated eggs was 34.6, 47.7 and 48.8% at
doses LD25, LD 50 and LD 75, respectively, vs. 20.9% for the control.
On the other hand, the percent of non-embryonated eggs was 65.4,
52.3 and 51.2% at the doses LD25, LD50 and LD75, respectively,
compared with 79.1% for the control. The sterility index was 22.5,
41.2 and 57.5% at LD25, LD50 and LD 75; respectively, compared to
0.0% for the control group (Table 2).

On the other hand, in the F3 generation, the fecundity of non-
irradiated females crossed with irradiated males resulted from F2
generation was not significantly different (p < 0.01) in the mean
number of eggs, where it was 770, 806 and 785 eggs/ten\\ at LD25,
LD 50 and LD 75, respectively, compared with 790 eggs/ten\\ for the
control (Table 3). Also, the percent of non-hatching eggs (embry-
onated and non-embryonated) were more decreased than those
found in the F1 and F2 generation; in addition semi sterility was
recorded in F3 generation (Table 3).

According to previously obtained results, the inherited harmful
impacts of gamma radiation were observed in the F1, F2 and F3
Table 2
The reproductive potential of males Culex pipiens resulted from irradiated pupae in the F

Dose No.of eggs laid\ten \

(mean ± SD)
No. of hatched eggs
(mean ± SD)

No. of non-

Total % Total

LD25 (23 Gy) 680.0 ± 26.6** 588.3 ± 19.5** 86.5 91.7 ± 9.8*
LD50 (41 Gy) 576.7 ± 23.** 446.0 ± 33.1** 77.3 130.7 ± 21
LD75 (75 Gy) 527.3 ± 18.** 322.3 ± 18.** e 205.0 ± 10
LD90 (90 Gy) e e e e

Control 797.0 ± 51.2 758.7 ± 45.0 95.2 38.3 ± 6.5

(*)¼ Significant< 0.05, (**)¼ highly Significant, P< 0.01, ns¼ non-significant> 0.05, SD¼
from pupal stage.
generations. Fecundity and hatchability percentage of non-
irradiated female mated with irradiated males was critically
different from untreated controls at F1 and F2 generations but not
seriously different from untreated controls at F3. Levels of sterility
index in the F1 and F2 generations were higher than those of un-
treated control but semi sterility in the F3 generationwas recorded.

3.2. Histopathological and ultrastructure on males' testes of Culex
pipiens

3.2.1. Ultrastructure of normal males' testes of Culex pipiens
Ultrastructural examination of normal males' testes of C. pipiens

consisted of simple, undivided sacs (single follicle). The testicle is
composed of an external wall surrounding the germinative cells. A
peritoneal sheath, a muscular layer, a basement membrane, a
follicular epithelium, tracheoles, and an epithelium at the base of
the follicle are what form the testicular wall. The cytoplasm of
peritoneal sheath containing rounded reddish-brown grains pig-
ments, which gives the organ its characteristic color (Fig. 1 A).

Ultrastructure of testes follicle of males' C. pipiens demonstrated
three zones of development (Fig. 1 B) are commonly recognized
below the germarium, in which the germ cells divided to produce
spermatogonia (Sg) which located in the apex of the follicle, the
free spermatogonia were large rounded cells with nucleus occu-
pying most of the cell (Fig. 1B). Spermatogonia divided mitotically
to produce spermatocytes (Sc); which divided meiotically to pro-
duce spermatids (Sm) (Fig. 1B) which are transformed into sperm
inside the cysts (Fig. 1D).

The differentiation of the spermatids in C. pipiens happens
within cysts. The spermatic cells are perfectly aligned inside each
cyst also; there are a definite number of spermatozoa in each cyst in
the same stage of maturation (Fig. 1C). The spermatozoon of the
examined species is very long and filiform, including the head and
tail regions (Fig. 2A). The head is made up of an acrosome and
nucleus. The structure of the acrosome is composed of two regions:
distal and proximal. The distal region (dr) which comprises around
2 generation.

hatching eggs (mean ± SD) Sterility Index
(S.I.) %

Embryonated Non-Embryonated

No. % No. %

* 31.7 ± 3.1** 34.6 60.0 ± 7.0** 65.4 22.5
.** 62.3 ± 11.0** 47.7 68.3 ± 10.** 52.3 41.2
.0** 100.0 ± 5.** 48.8 105.0 ± 5.0** 51.2 57.5

e e e e e

8.0 ± 1.0 20.9 30.3 ± 5.5 79.1 e

standard deviation and (LD90)¼ (�) at this dose the irradiated pupae did not emerge



Table 3
The reproductive potential of males Culex pipiens resulted from irradiated pupae in the F3 generation.

Dose No.of eggs laid\ten \ (mean ± SD) No. of hatched eggs
(mean ± SD)

No. of non - hatching eggs (mean ± SD) Sterility Index (S.I.) %

Total % Total Embryonated Non-Embryonated

No. % No. %

LD25 (23 Gy) 770 ± 44.44 ns 728.33 ± 49.07 ns 94.6 41.66 ± 11.54 ns 8.33 ± 2.88 ns 20 33.33 ± 10.40 ns 80 2.6
LD50 (41 Gy) 806.66 ± 45.09 ns 768.33 ± 37.52 ns 95.2 38.33 ± 7.63 ns 7.33 ± 2.51 ns 19.1 31 ± 5.29 ns 80.9 2.6
LD75 (75 Gy) 785 ± 37.74 ns 753.33 ± 33.29 ns 95.9 41.66 ± 7.63 ns 8 ± 1 ns 19.2 33.66 ± 7.02 ns 80.8 0.6
LD90 (90 Gy) e e e e e e e e e

Control 790 ± 36.05 748.33 ± 32.53 94.7 41.66 ± 7.63 6 ± 1 14.4 35.66 ± 6.65 85.6 e

(*)¼ Significant< 0.05, (**)¼ highly Significant, P< 0.01, ns¼ non-significant> 0.05, SD¼ standard deviation and (LD90)¼ (�) at this dose the irradiated pupae did not emerge
from pupal stage.
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45% of the total length of the acrosome is anterior to the nucleus,
and the proximal region (pr) is closely attached to the nucleus
(Fig. 2a).

The tail region can be divided into five zones: the 1st zone,
where the cytoplasm can be observed, showed a small identifica-
tion of the nucleus. Its region is also characterized by the presence
Fig. 1. (AeD) Photomicrograph of normal testis follicle (A): showing testis wall and it is p
membrane (Bm). (B); showing three developmental zone, spermatogonia (Sg), spermato
development of the spermatozoa.
of microtubules, but they are not organized neither in a centriole
nor in an axoneme (Fig. 2 b).

The 2nd zone (overlap zone) is characterized by the emergence
of the complete axoneme (with the 9 þ 9 þ 2 configuration of
microtubules) and the two mitochondrial derivatives, centriolar
adjunct associated with the nucleus (Fig. 2c).
ossible to see; external layer (El), peritoneal sheath (Ps), muscle layer (Ml), basement
cytes (Sc), spermatids (Sm). (C): showing maturation of spermatids. (D): showing



Fig. 2. Photomicrograph of normal spermatozoa (A). (a): showing cross-sections in head region and it is possible to see; acrosome (Ac), nucleus (N). (bef) cross-sections in tail
region (b):1st zone showing, microtubules (Mt), nucleus (N). (c): 2nd zone showing, axoneme (Ax), two mitochondrial derivatives (Md), centriolar adjunct (Ca) surrounded by
nucleus (n). (d): 3rd zone showing, axoneme (Ax), two mitochondrial derivatives (Md). (e): 4th zone showing small two mitochondrial derivatives (Md), axoneme (Ax).(f): 5th zone
showing axoneme (Ax).
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The two mitochondrial derivatives are positioned side-by-side
near the midline and ventral to the axoneme in the 3rd zone
(Fig. 2d).

In the 4th zone, the two mitochondrial derivatives decrease in
size and are positioned ventral to the axoneme (Fig. 2 e).

The 5th zone (end piece) is characterized by disappearance of
the two mitochondrial derivatives and the reduced number of
microtubular elements (Fig. 2 f).
3.2.2. Ultrastructure of irradiated males' testes of Culex pipiens
Histopathological effects of gamma radiation (LD25, LD50 and

LD75 Gy) on irradiated males' testes of C. pipiens were studied by
using TEM. Therewas a clear deformity and cell degeneration effect
such as;

Ultrastructural examination of the irradiated testicular wall re-
gion showed that at the LD25 dose the external wall rupture at the
different zone, also necrosis, degeneration and small vacuoles were
observed (Fig. 3A). At the dose level LD50 Gy and LD75 Gy, the
external wall seemed to have more irregulars; the definite layer of
the testicular wall degenerated and had become un clear (Fig. 3
B&C).

Irradiation induced obvious effects on the developmental zone
(spermatogonia, spermatocytes and spermatids) that lost the syn-
chrony. At the dose LD25 Gy, the developmental zone appeared as
one zone and it is difficult to identify (Fig. 4 A). At the dose level
LD50 Gy, the spermatogonia and spermatocytes appeared vacuo-
lated in their cytoplasm and around them (Fig. 4B). The highest
histopathological response was observed by photomicrograph ex-
amination at the dose LD75 Gy, the developmental zone appeared as
one zone, vacuolated and the cell structure degenerated (Fig. 4C).

The reduction in the number of sperm was observed in the
irradiated C. pipiens compared with the control at the dose level
LD25 Gy (Fig. 5A). Many of the sperm bundles were ruptured and
their contents dispersed throughout the lumen of the testes at the
dose level LD50 Gy (Fig. 5B). The abnormalities observed in the
developing sperms at the dose level LD75 Gy (Fig. 5C). TEM in the
irradiated sperm exposed to LD75 Gy showed rupture in the
axoneme and mitochondrial derivatives membrane, abnormalities
of the axoneme and mitochondria derivatives was observed
(Fig. 5D).
4. Discussion

The present study showed that the applied dose of radiationwas
inversely proportional to the fecundity and fertility when the C.
pipiens males were exposed as pupae to all tested doses of gamma
radiation. Similar results were obtained by Al-Taweel, Ahmed,
Kadhum, and Hameed (1990) on Ephestia cautella: Seth and
Reynolds (1993) on the tobacco hornworm, Manduca sexta (Lin-
naeus), with 100 Gy; El-Dessouki, El-Awady, Sallam, El-Naggar, and
Shible (1996) reported the reduction of the fecundity on the cotton
leafworm, Spodoptera littoralis (Boisd.) exposed to 25, 50, 75 and
100 Gy doses of gamma radiation. Salem, Fouda, Abas, Ali, and
Gabarty (2014) demonstrated the decrease in the reproductive
potential of Agrotis ipsilon when exposed to 50, 100, 150 Gy of
gamma radiation.

The inherited harmful impacts of gamma radiation in C. pipiens
were observed in the F1, F2 and F3 generations. Fecundity and
hatchability percentage of non-irradiated females mated with
irradiated males was significantly different from untreated controls
at F1 and F2 generations but not significantly different from un-
treated controls at F3. Levels of sterility index in the F1, F2 and F3
generations were higher than those of untreated control but the
sterility in the F3 generation was less than F1and F2 generation.
These results are in agreement with Jeffrey, Stuart, andWellsoRoger
(1997) who exposed pupae of male Hessian flies, Mayetiola
destructor, to 4 different doses of gamma radiation (0.0, 15, 30, 40,
and 60 Gy) and the deleterious effects through three generation



Fig. 3. (AeC) Photomicrograph of testicular wall region in males' C. pipiens irradiated with LD25, LD50 and LD75 Gy of gamma radiation. Testicular wall (T), vacuoles (Vc), necrosis
(Nc).
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was investigated. Sterility index was completed in the F1 and F2, but
semi-sterility was found in the F3. The inherited sterility in the
spiny bollworm, Earias insulana (Boisd), was studied by Sallam, El-
Shall, andMohamed (2000) they reported that female reproductive
potential decreased at the three doses of irradiation (100, 150 and
200 Gy) throughout P1, F1, F2 and F3 generations as compared to the
control. The progeny of F1 males was obviously more sterile than
their irradiated male parents. The impact continued in the F2
population, however, F3 males almost regained their fertility.

The male internal reproductive organs in C. pipiens comprised
testes, vas deferens, accessory glands, seminal vesicle, and ejacu-
latory duct resemble the pattern structure observed in other
Diptera (Joly, Bressac, Devaux, Lachaise,& Lemullois, 2003; Sinclair,
Borkent, & Wood, 2007).

Transmission Electron Microscopy studies in the testicular wall
of C. pipiens as well as in Ceratitis capitated, Anastrepha ludens
(Tephritidae) and Chrysomya megacephala (Calliphoridae), the
testes were made up of an external and pigmented wall which
surrounds the germ cells. The testicularwall in both species consists
of a peritoneal sheath andmuscular layer. In the peritoneal sheath it
is possible to see the presence of a great number of vesicles con-
taining pigment, which gives the organ its characteristic color. B�ao
and Dolder (1991), stated that pigmented epithelium is responsible
for forming an outer physical barrier which protects the testis. Ac-
cording to Valdez (2001), these vesicles could store nutrients
temporally, en route from the blood to the transforming germ cells.
The muscular layer is presumably associated with the peristaltic
contractions, and possibly contributes to the displacement of the
spermatid bundle and frees spermatozoa into the testes and toward
the posterior duct, leading out of the testis (Chapman, 1998).

The spermatids found in the testes, at the distal and medial
regions of this organ, are encapsulated by a somatic cell, forming



Fig. 4. (AeC) TEM in the developmental zone of males' C. pipiens irradiated with LD25, LD50 and LD75 Gy of gamma radiation. Developmental zone (Dz), vacuoles)(Vc).

M.I. Hassan et al. / Journal of Radiation Research and Applied Sciences 10 (2017) 44e5250
the cyst, where they complete the differentiation process. These
aspects of testicular organization were also described in some
Tephritidae (Valdez, 2001), in Chrysomya megacephala (Name et al.,
2010). In C. pipiens, as in most insects, the development of the
germinative cells takes place within such cysts.

The structure of spermatozoa in C. pipiens is similar to the
general structure of insect sperm (Jamieson,1987). They are filiform
with head and tail regions as in the majority of the Diptera and do
not show great variations in length, as found in the spermatozoa of
Chrysomya megacephala (Name et al., 2010).

Histopathological effects of gamma radiation on spermatogen-
esis of C. pipienswere studied by using TEM. There is gradation and
pronounced deformities with increasing the radiation dose (LD25,
LD50 and LD75 Gy) such as;

Rupture, degeneration, vacuoles and necrosis in the irradiated
testicular wall region was reported in the present study. The
deformity effects induced by gamma radiation has been recorded
by Mahmoud and Shoman (2009) they worked on Ceratitis capitata
and found that the peritoneal sheath appeared thicker due to
vacuolation, the muscle layer contain large amount of degenerated
mitochondria, coated vesicles and vacuoles.

The synchrony was lost between the developmental zones
spermatogonia and spermatocytes, irregular view of spermato-
gonia and spermatids are observed. Moreover, it is difficult to
differentiate stages of spermatogenesis, because of an increase in
vacuolation, tubules and space around them. and their Spermato-
genesis deformity induced by gamma radiation have been observed
previously by Shen and Berryman (1967) who found that increased
vacuolation in the testis and dispersion of spermatocytes of Rhya-
cionia buoliana irradiated by gamma rays. Cells in the process of
spermatogenesis are very radiosensitive and apparently are easily
killed (Hasan et al., 1989). Spermatogenesis, as reported by Tilton
and Brower (1983), occurs normally in the pupal stage in Coleop-
tera and often for most of the adult life. Hence, pupal or adult



Fig. 5. (AeE) TEM in the spermatozoa of males' C. pipiens irradiated with LD25, LD50 and LD75 Gy of gamma radiation. (A): showing reduction in the number of sperm. (B): Arrows
showing rupture in the sperm content. (C) Arrows showing deformity spermatozoa and deformity in cross section of spermatozoa (I). (D): Arrows showing rupture in the axoneme
and mitochondrial derivatives membranes.
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irradiation leaves rather similar impacts, and, accordingly, histo-
logical damage is expected to be similar. Abnormalities in the
spermatids of Dermestes frischii, were observed only in cells treated
as primary or secondary spermatocytes (Hodges, 1983). Irradiation,
as stated by Mahmoud and Shoman (2009), has basic impacts on
the reproductive function of Ceratitis capitata and can affect normal
cells, especially the rapidly growing ones, such as the spermato-
genic cells with a distinct sensitivity to irradiation during their
development from spermatogonia to sperm.

Ultrastructural abnormalities observed in the developing
sperms of adult C. pipiens, irradiated as pupae with sterilizing dose
level (LD25, LD50 and LD75 Gy), appear to result in the production of
non-functional sperms or decrease in sperm production. The
reduction in sperm number was observed previously by Mahmoud
and Shoman (2009) in C. capitata. Sperm bundles were ruptured
and their contents dispersed throughout the lumen of the testes
reported before by Abd-Alla (1995) in the testes of a1 day old adult
Sitotroga cerealella exposed to 700 Gy and examined 24 h post-
irradiation. Abd-El Meguid and Haiba (1995) when exposed male
pupae of Phthorimeae operculella to sterile dose (30 K rad) of
gamma irradiation, they reported that testes of irradiated males
showed degeneration of eupyrene sperms and defects were very
apparent in the mitochondrial derivatives and axoneme. What was
noticed by Hasan (1995) is that high doses of gamma radiation can
inactivate sperm or at least produce dominant lethals in cells, and,
on the other hand, lower doses can have serious effects on sperm
production, especially if the timing of the treatment has impacted
the developing sperm cells.

Finally, it can be concluded that the inherited deleterious effects
of gamma radiation were observed in the F1, F2 and F3 generations.
Fecundity and hatchability percentage of non-irradiated female
mated to irradiated males was significantly different from un-
treated control at F1 and F2 generations but non-significantly
different from untreated controls at F3. Levels of sterility index in
the F1 and F2 generations were higher than those that of untreated
control but the semi sterility were recorded in the F3 generation.
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Ultrastructure of normal males' testes of C. pipiens was studied in
detail using transmission electron microscopy (TEM). Histopatho-
logical and cytotoxic responses were observed in the irradiated
testes of C. pipiens. Results revealed that gamma radiation greatly
affects the testes such as; (i) rupture, necrosis, degeneration and
small vacuoles were reported in the testicular wall. (ii) an abnormal
distribution of the developmental stages of spermatogonia and
spermatocytes leading to a general decreases in the rate of sper-
matogenesis; and (iii) sperm deformity, which inhibits the move-
ments and the fertility of the sperm which leads to the decrease in
the reproductive potential of C. pipiens.
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