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Online: Oct. 16, 2019 acceptability and effect of a water bait of a-chlorohydrin (ACH),

which is a well-known species-specific male chemosterilant, on the

Keywords: fertility of males of this bat species. A dose of 85.7mg/kg consumed
Riverine habitats by captive males for four consecutive days has damaged their
Water-bait testicular tissues, caused a significant decrease in sperm count and
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. motility and a significant increase in sperm abnormalities. Preliminary
Rousettus aegyptiacus

a-chlorohydrin results o_f the study of the rep_roductive cycle of this bat species in one

antifertility of the districts of Greater Cairo Area showed that males had reached

control peak sexual activity during autumn mouths. For best control results, it
is suggested that control campaigns be implemented during these
months. It is recommended that ACH water-baits be set in roosting
caves and near fresh water courses where bats used to drink.

INTRODUCTION

The Egyptian fruit-bat (Rousettus aegyptiacus) is the only magachiropteran bat
species known from Egypt (Qumsiyeh, 1985). It is known from the Western
Mediterranean Coast and from agricultural areas in and near the Nile Delta and Valley
south to Aswan (Gaisler et al., 1972). Fruit bats consume average daily amounts of
food that equal to 50-150% of their body mass thus causing large economic losses to
cultivated crops and fruit trees (Qumsiyeh, 1996). These bats are, therefore,
considered to be serious agricultural vertebrate pests (Hadjisterkotis, 2006).

Traditional methods used for the control of this bat species have largely
depended on the use of poisonous fumes (Makin and Mendelssohn, 1987). Poisonous
bait formulations were also suggested by Eissa (2007). The use of poisons, however,
not only targets fruit-bats but it may also destroy the entire cave ecosystem in which
bats live (Hadjisterkotis, 2006).

The use of antifertility compounds, as an alternative approach to the control of
vertebrate pests, started several decades ago when a-chlorohydrin (ACH) was
presented as a rat chemosterilant (Ericsson, 1970). ACH, also known as (3-chloro-1,2-
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propanediol), (3-monochloropropane-1,2-diol), and (3-MCPD), is a well-known
contaminant found in many food products (EI Ramy et al., 2007; Hamlet et al., 2011;
Zhang et al., 2012; Jedrkiewicz et al., 2016) and is often present in tap water (Velisek
et al.,1978). The chemical has proved to be species-specific; producing sterility in
males of some mammalian species such as rats (Tsunoda and Chang, 1976; Toth et
al., 1989; Slott et al., 1990), hamsters (Lubicz-Nawrocki and Chang, 1974 a, b) and
rat-tailed bats (Dixit and Lohiya, 1976), not in others. Although ACH shows rapid
antifertility effects at low doses and prolonged or permanent sterility at high doses
(Jones, 1983; El-Gohary et al., 2014), it does not affect libido or appetite of treated
males (Jones, 1983; Yamada et al., 1995). For these reasons and some others, ACH
was considered to be an ideal male antifertility control agent for a wide range of
vertebrate pests (Jones, 1983).

ACH was first tested with male Egyptian fruit-bats by Mahmoud et al. (2018).
They applied the chemical in the form of fruit-baits and at concentrations lower than
that applied in the present study. The results of their study were positive and
promosing. In the present piece of work, ACH is used in the form of water baits. This
is based on the observations of several authors that fruit-eating bats drink water. They
observed that roosts of fruit bats, other than the Egyptian fruit-bat, were located near
riverine habitats and other water bodies (Thomas and Fenton, 1978, Monadjem and
Reside, 2008). They also described their drinking behavior (Harvey et al., 1999).
Water baits are of course much cheaper than fruit baits and are thus more suitable for
use in mass control programs of Egyptian fruit-bats.

MATERIALS AND METHODS

Chemicals

ACH was purchased from Sigma Chemical Co. (St. Louis, MO), and diethyl
ether was supplied by SD Fine Chem Limited (Mumbai, India). Doses of ACH
solutions were prepared in distilled water just before use. All other chemicals were of
analytical grade and were obtained from EI-Nasr Pharmaceutical Chemicals Co.
(Cairo, Egypt) unless otherwise specified.
Experimental animals

Twenty adult male fruit-bats with scrotal testes were collected during October
2018 from Giza Governorate, Egypt. The body weight of collected males ranged
between 127.5g and 138.5g. The bats were housed individually in special wooden
cages (30 x 30 x 20 cm) with metal-mesh sides in the animal house, Faculty of
Science, Ain Shams University, Cairo. The top of each cage was open and surrounded
by a collapsible thick cloth that permitted an easy access to bats without permitting
them to escape. Bats were maintained at a constant room temperature of 25°C. Caged
bats were provided with water and fresh fruits ad libitum. Bats were observed for one
week before providing the chemical bait to give them enough time to acclimate to
laboratory conditions and to be sure that they were healthy. Animal handling was in
accordance with the ethical standards of Ain Shams University Research Ethics
Committee, WHO guidelines for animal care, and the Helsinki Declaration of 1975 as
revised in 1983.
Experimental design

Average individual daily consumption of fresh water was first estimated to help
determine the concentration of ACH in water baits. The twenty Egyptian fruit-bats
were randomly divided into two groups; ten individuals each, a treated group and a
control group. Bats of the control group were allowed free access to fresh water and
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fresh fruits of the season. The concentration of ACH in water baits was calculated on
the basis of two parameters; the average individual daily consumption of fresh water
and the daily amounts of ACH intented to be given to bats (100 mg/kg/day for four
consecutive days). To calculate the actual daily amount of ACH consumed by each
individual bat, a known amount of ACH water-bait was provided to each bat in a 4x10
cm shallow dish. The remaining amount of water bait was measured after 24h to
determine the actual daily amount of water bait, and consequently the exact daily
amount of ACH, consumed by individual bats. ACH water-baits were presented to
bats for four consecutive days. The acceptability of the ACH water-bait formulation

was calculated using the equation of Mason et al. (1989):
Average daily consumption of ACH water-bait (ml)
Acceptability (%) = X 100
Average daily consumption of (ACH water-bait + fresh water) (ml)

Sample collection

Twenty-four hours after the last dosing, all bats were sacrificed by an overdose
of diethyl ether and weighed. At necropsy, the reproductive organs; i.e., testes,
epididymides, seminal vesicles and prostate glands, were excised, cleaned of adhering
fat and weighed in grams. Organ index (relative weight) was calculated according to
the formula: [(organ weight/body weight) x100].

The right testis was routinely processed for histological examination and stained
with hematoxylin and eosin (H&E). The right cauda epididymis was placed in 2 ml
modified Tyrode’s medium (MT6) (125 mM NaCl, 2.7 mM KCI, 0.5 mM MgCl..
6H2 O, 0.36 mM NaH2PO4. 2H.0, 5.56 mM glucose, 25 mM NaHCO4, 1.80 mM
CaClz, 100 units penicillin and 4 mg/ml BSA) at 35°C for later determination of
sperm characteristics (Saad and Mahmoud, 2014).

Epididymal sperm count and sperm motility

The right cauda epididymis was minced with small scissors in a 35 mm Petri
dish containing 2 ml MT6 medium, and left for 15 min at 35°C for sperm release. An
aliquot of the diluted sperm was infused into a Neubauer-type hemocytometer for
microscopic examination. Sperm were counted in the four corner-squares as well as in
the central square. The data were expressed as the number of sperm/ml (Saad and
Mahmoud, 2014).

For evaluation of differential sperm motility, an aliquot of sperm in MT6
medium was layered onto a clean, grease-free microscope slide and was examined
using a light microscope at 400 x. Percentage motility was estimated at three different
fields in each slide. The mean of the three estimations was calculated and used as the
final motility score (Saad and Mahmoud, 2014).

Evaluation of sperm abnormalities

Sperm morphology was determined using the same samples used before for the
evaluation of sperm motility. Sperm were smeared onto microscope slides, air dried,
then fixed with methanol. After fixation, samples were stained with 1% (w/v) aqueous
eosin Y for 1h, washed with distilled water, dehydrated, cleared, then mounted in
neutral resin under a coverslip. Two hundred spermatozoa from each sample were
evaluated at 1,000 x using a light microscope with oil immersion objective lens (Saad
and Mahmoud, 2014). A sperm was considered to be abnormal if it was double-
headed, tailless, headless, and with bent, highly folded, or twisted tail (WHO, 2000).
Sperm abnormalities were recorded as percentages of total number of spermatozoa
counted.
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Histopathological examination

Microscopic sections of 5 um of the right testis were prepared according to the
method used by Saad and Mahmoud (2014). The right testis was fixed in Bouin’s
solution, dehydrated through an ascending series of ethanol, cleared in terpineol and
embedded in paraffin wax. Sections were cut at 5 pum, deparaffinized in xylol,
rehydrated through a descending series of ethanol, and stained with H & E. For each
testis section, 30 tubules were evaluated for histopathological changes. Thickness of
testis capsule and tubule diameter were measured in pm at 400 X.
Statistical analysis

Numerical data are reported as means + S.E. Data were analyzed using one-way
ANOVA followed by Tukey’s post hoc multiple comparisons test for comparative
analysis among groups. Values for p < 0.05 were considered statistically significant.

RESULTS

Average daily consumption of ACH

Calculations for estimating the average actual daily consumption of ACH by
individual male bats are shown in Tables 1 and 2. It is observed from these tables that
the average daily consumption of ACH water-bait is significantly lower than that of
fresh water and its acceptability is 46.2%. The average actual daily consumption of
ACH is 11.4 mg/individual (equivalent to 85.7 mg/kg body weight).

Table 1: Calculations for the concentration of ACH in water-baits to be applied to male Egyptian fruit-

bats (n =10).

Average body weight of treated males (g) 133+1.5(1)
Average observed daily consumption of fresh water 75.8+ 5.9(2)
(ml/individual)

Average actual daily consumption of fresh water 68.2 (3)
(ml/individual) (2)X0.90*
ACH intented to be consumed by bats (mg/kg) 100 (4)
ACH intented to be consumed by individual bats 13.3(5)
(mg/individual)_(4)X(1)

1000
Concentration of ACH in water bait (mg/ml) (5)/ (3) 0.195 (6)

*The average actual daily consumption of fresh water is supposed to be 90% of the average observed
daily consumption.

Table 2: Average actual daily amount of ACH consumed by individual male Egyptian fruit-bats (n =10)
and acceptability of ACH water-baits.

Average observed consumption of ACH water-bait 65+ 8.20" (7)
(ml/individual)

Average actual daily consumption of ACH water-bait 58.5 (8)
(ml/individual)

(7)X0.90**

Average actual daily consumption of ACH 11.40 (9)
(mg/individual)

(8)X(6)

Acceptability (%0) 46.2
(8) X (100)

(3)+(8)

*Significantly different compared to fresh water group (P < 0.05).
**The average actual daily consumption of ACH water-baits is supposed to be 90% of the average observed daily
consumption.
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Morphology and histology of the testis of the control group

Testes of normal bats of the control group were ovoid in shape with normal size
and color. Microscopic examination of testis sections indicated that it had the normal
histological structure known for mammalian testes (Fig.1-a and -b).

Fig. 1: Photomicrographs showing sections of the testis of control male Egyptian fruit-bats. a, shows the oval
seminiferous tubules surrounded by thin tunica albuginea (TA), lined with stratified germinal epithelium
(asterisk); b, shows normal seminiferous tubules containing numerous sperms (Sp).

Effect of ACH on treated bats

No clinical signs appeared during the course of treatment. Treated fruit-bats
appeared active, showed normal behavior and consumed normal daily amounts of
food and water. The relative weights of reproductive organs of treated males did not
show significant changes compared to those of the control group (Table 3).

Table 3: Effect of ACH on the relative weights of reproductive organs of male Egyptian fruit-bats (n =10).
Mean is followed by S.E. and range (in parentheses).

Groups Testis Epididymis Vesicula seminalis Prostate

Control 0.966 = 0.083 0.23 £0.02 0.49 £ 0.017 0.081 +0.020
(0.633-1.19) (0.19-0.34) (0.083-1.19) (0.023-0.148)

Treated 0.903+ 0.11 0.25 £0.02 0.398 £ 0.055 0.081 + 0.006
(0.43-1.19) (0.15-0.33) (0.26-0.65) (0.072-0.116)

Histopathological effects on the testis

Testes of treated males showed thickened tunica albuginea, tubular diminution
and spermatogenic arrest. Sertoli cells, spermatogonia and spermatocytes suffered
from severe cytoplasmic vacuolization and nuclear pyknosis. Multinucleated stromal
giant cells were also observed in the testes of treated males (Fig. 2-a and -b).

Fig. 2: Photomicrographs showing sections of the testis of treated male Egyptian fruit-bats. a, shows thickened
tunica albuginea (TA), tubular vacuolization (V), and spermatogenic arrest with absence of sperm
(asterisk); b, shows the presence of multinucleated stromal giant cells (arrow).
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Effect on testicular morphometrics

Histological examination of the testis showed a significant decrease in the
diameter of seminiferous tubules and epithelial height, and significant increase in the
thickness of tunica albuginea (Table 4 and Fig. 2-a).

Table 4: Effect of ACH on testicular morphometrics of male Egyptian fruit-bats (n =10). Mean is
followed by S.E. and range (in parentheses).

Group Tubule diameter (um) Tunica albuginea Epithelial height (um)
thickness(um)
Control 148.14 + 2.96 67.77 + 1.62 66.66+ 2.9
(133.33-177.77) (62.22-71.1) (53.33-80)
Treated 130.95 + 4.5 137.75£ 2.9 39.99+ 2.3"
(88.88-151.11) (124.4-151.11) (26.66-44.44)

* Significant difference (P < 0.05).

Effects on sperm parameters

Sperm count and motility were significantly reduced, while the number of
abnormal sperm has significantly increased (Table 4 and Figs. 3 & 4). Various
abnormalities of sperm morphology were observed including double heads, tailless
heads, headless tails, bent tails, highly folded tails, and twisted tails (Table 4 and Fig.
5).

Table 5: Effect of ACH on sperm parameters of male Egyptian fruit-bats (n=10). Mean is followed by
S.E. and range (in parentheses).

Groups Sperm count Sperm Progressive Non- Immotile %
(x10%/ml) abnormality motile % progressive
% motile %
Control 160.5% 6.25 125+ 0.9 39.3+4.3 48+55 123+15
(146-188) (10-15) (30-60) (23-63) (7-17)
Treated 455+ 0.3" 35.5 +5.05" 100 £ 0"
(35-56) (23-55) (100-100)
* Significant differences (P < 0.05).
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Fig. 3. A histogram showing the effect of ACH on sperm count in male Egyptian fruit-bats.
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Fig. 4: A histogram showing the effect of ACH on sperm motility in male Egyptian fruit-bats.
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Fig. 5: A histogram showing the effect of ACH on sperm abnormalities in male Egyptian fruit-bats.
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Sexual activity cycle of males

Preliminary results of the study of the sexual activity cycle of male fruit-bats in
one of the districts of Greater Cairo Area indicate that they reach peak of sexual
activity in autumn months. Males are completely sexually quiescent in summer
months.

DISCUSSION

Egyptian fruit-bats are serious vertebrate pests that live in agricultural areas and
riverine habitats. Captive male bats readily accepted ACH in the form of a water-bait
and consumed an average daily dose of 85.7mg/kg for four consecutive days. This
dose is much higher than that (59.2 mg/kg for four consecutive days) consumed by
males of the same bat species in the form of fruit-baits (Mahmoud et al., 2018). The
increase in the actually consumed amount of ACH was accompanied by an increase in
its antifertility effects. These effects are consistent with those reported for other
vertebrate pests (Kwack et al., 2004; Cho et al., 2008; Madhu et al., 2011; EI-Gohary
etal., 2014).

The testes of ACH-treated bats exhibited shrinkage in tubular diameter (88.4%
of the control group) which is greater than that observed in the previous study (72.8%
of the control group). Shrinkage of tubules is usually associated with the loss of germ
cells (Manjit and Parshad, 1993; Creasy, 2005; Gupta et al., 2006; Saad and
Mahmoud, 2014). This is due to the disturbance of the Sertoli-germ cell junctions
(Mesbah et al., 2008). The average thickness of the tunica albuginea in treated male
bats (203.2% of the control group) was less than that observed in the previous study
(271.6% of the control group) (Mahmoud et al., 2018). The increased thickness of the
tunica albuginea could be explained on the basis of the decreased volume of the
testicular parenchyma as suggested by Arenas et al. (1997).

In the present work, the effect of ACH dose on sperm parameters is greater than
that of the dose used before by Mahmoud et al. (2018). ACH-treated males exhibited
significantly decreased sperm count (28.3% of the control group) and significantly
increased sperm deformities (284% of the abnormal sperm of the control group)
compared to the previous study (31.7%, and 186.2%, respectively). It is noticed that
both doses of the present and previous studies have caused complete arrest of sperm
motility. Alterations in sperm parameters are directly associated with the
histopathological changes in testicular tissue that cause reproductive dysfunction (de
Souza et al., 2010). Sperm parameters are, therefore, important signs of infertility of
treated males (Shen and Lee, 1994; Orisakwe et al., 2004). It was suggested that ACH
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has blocked the metabolic pathways of epididymal sperm (Jelks and Miller 2001;
Nakajima et al., 2007; Nascimento et al., 2008; Frayne et al., 2009). It inhibited
androgen-dependent enzymes such as adenosine triphosphatase and acetylcholine
esterase in the epididymis (Jelks et al., 2001; Zhang et al., 2012) and increased
alkylation of cysteine residues in sperm, which inhibits sperm motility (Kalla and
Bansal, 1977; Kalla and Singh, 1981).

Morphology of sperm is a vital parameter that reflects their normality and
maturity and is directly correlated with male fertility (Memon et al., 1986).
Abnormalities of the head and mid-piece of sperm have been identified as primary
defects of spermatogenesis (Schumacher and Moll, 2011), and are good indicators of
testicular degeneration (Bloom, 1950). Similar effects have been reported for other
animals such as rats (Madhu et al., 2011).

Free-ranging males showed peak sexual activity in autumn months. ACH water-
baits would, therefore, be highly effective in producing sterility in these males if they
are applied during months of highest sexual activity.

CONCLUSION

ACH proved to be effective in producing sterility in captive male Egyptian fruit-
bats when individual bats consumed a dose of 85.7 mg/kg for four consecutive days in
the form of water baits. It is recommended that water baits be set inside roosting caves
and beside fresh water courses where bats used to drink. ACH water-baits are cheap
and more suitable for use as part of integrated pest management programs. For best
control results, it is suggested that control campaigns be implemented during months
of highest sexual activity in males.
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