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ABSTRACT
EG0100124

A rapid biochemical method for the determination of the sterility
in males of the fruit fly, Ceratitis capitata (Wied.) was established
utilizing testosterone as a biomarker. Pupae (2 days before emergence)
were irradiated at 90 Gy using a 60Co-gamma-cell, unit. Testosterone
level, measured by radioimunoassay (RIA), in addition to sterility in
irradiated male flies were compared to their corresponding values of the
untreated control group.

The data obtained revealed a highly significant decrease in the
testosterone level associated with a highly significant decrease in sterility.
The decrease in the hormone level was recognized during the different
time intervals (24-120 hours after adult emergence).

This biomarker (testosterone) could be adopted as a rapid monitor
for measurements of medfly male sterility before release in the field in a
sterile insect technique (SIT) program.
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INTRODUCTION

The Mediterranean fruit fly (medfly), Ceratitis capitata (Wied.) is one of the most
important agricultural pests. Sterile insect technique, (SIT) is highly effective method for
suppressing or eradicating insect population0'2'3'4'5'6*. The whole basis of SIT is directed
towards infertility of the wild females by the release of sterile males in the field. This
process involves a massive release of sterile flies which requires much time consuming
laboratory tests to determine the degree of sterility and performance of the male fly before
their release to the field.

To address this problem, this study presents a trial for a rapid biochemical way to
determine male sterility by evaluating the testosterone level in their whole body measured
by the radioimmunoassay (RIA) technique.

MATERIALS AND METHODS

The medfly larvae were reared following the technique described by Tanaka et o/.<7>

Pupae (2 days before adult emergence) were irradiated (90 Gy) using a 60Co-gamma cell of
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the Middle Eastern Radioisotope Center for the Arab Countries with a dose rate of 4.58 to
4.14 rad/sec during the experimental study. After irradiation, the pupae were transferred to
the adult rearing cage. Adults were offered water and enzymatic yeast hydrolyzate and kept
for egg oviposition.

Male Sterility

Equal numbers of irradiated (or unirradiated) adult males of different five ages (24,
48, 72, 96 and 120 h. old) were caged with newly emerged virgin females. The percent egg
hatch of each of the 5 groups were recorded.

Estimation of Total Testosterone by RIA

Total testosterone was determined by radioimmunoassy by the method of Coat-A-
Count from Diagnostic Products Corporation (DPC) LA, CA(8).

Several trials were conducted to evaluate the sensitivity of the testosterone kit for
the hormone determination in the whole body of male fly until a procedure was established
to give undoughtful results where it was found that not less then 10 males were enough for
evaluation.

At 24, 48, 72, 96 dnd 120 h. post adult emergence, 10 males (normal or irradiated)
were homogenized in 0.5 ml saline (0.9%) and the soluble fraction was transferred to a
clean test tube. One hundred ml of the soluble fraction were poured into a polypropylene-
coated tube (testosterone specific antibody immobilized to its walls). One ml of(125) I-
labelled testosterone was added. The mixture was incubated for 3 hours at 37°C. During the
incubation, labelled I25I-testosterone competed for a fixed time in the sample with antibody-
sites. The tube was then decanted to separate the bounded from the free compound. The
bounded amount was counted in a computerized y-scintillation counter (Nuclear Enterprises
NEL 612, England).

Results obtained were subjected to statistical analysis by using analysis of variance
(F-test) to determine significant differences between and/or within variables. When F value
was significant, t-test was calculated to separate between means.

RESULTS AND DISCUSSION

Figure (1) represents the egg hatchabilty in irradiated and unirradiated male groups,
while figure (2) represents the testosterone levels in both groups, and figure (3) shows the
percent reduction in egg hatchabilty and testosterone level of irradiated males compared to
those in the unirradiated group. Table (1) shows the obtained data, numerically and
analyzed stastically.

From Table (1) and Figure (1) it was observed that the percentages egg hatchobility
were highly significantly affected in the irradiatd group compared to those of the
unirradiated ones at different male groups. However, the differences in egg hatchabilites of
the irradiated and unirradiated males in significantly increased with increasing the male age
up to the 72-h. age then decreased slightly at the 96-and 120-h. age. The percent of egg
hatchability ranged between 3.63-9.70 in the irradiated group compared to in 83.30-92.42 in
the control group.
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Table (1): Correlation between testosterone level (ng./dl) and egg hatchability (%)when
male Ceratitis captiata Wied. was irradiated in the pupal stage two days before
emergence with 90 Gy.

Male
age

(hours)

24

48

72

96

120

Mean egg hatchability ± S.e

Control

83.3 ± 0.83

88.5 ± 1.56

92.42 ± 0.69

91.7 ±0.85

87.62 ±0.87

Irradiated

7.8 ±0.37

6.71 ±0.72

3.72 ±0.52

3.63 ±0.43

4.07 + 0.54

Reduction
from

control (%)

88.35%

92.41%

95.97 %

96.04%

95.35%

Mean testosterone level (ng./d!) ± S.e

Control

19.05 ±0.89

20.56 ±0.87

18.40 ±2.62

16.02+ 1.16

9.56 ±0.86

Irradiated

12.99 ±0.62

13.10± 0.88

7.94 + 0.96

8.16 ±0.34

5.88 ±0.48

Reduction
from

control (%)

31.81%

36.28 %

56.84 %

49.06 %

38.49 %
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Fig (1): Effect of Gamma irradiation (90 Gy) of the Mediterranean fruit fly, Ceratitis
capitata Wied. at different ages on egg hatchability.
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As represented in Table (1) and Figure (2), testosterone level in the whole male body
showed a highly significant decrease in the testosterone level associated with time in both
normal and irradiated males. The testosterone level in the irradiated males ranged between
5.88 and 13.10 ng./dl., while it ranged between 9.56 and 20,56 ng/dl in the unirradiated
group. It was observed that the difference between the testasterone levels of irradiated and
unirradiated males highly significant increased with increasing the male age up to 72-h. age
where the difference was the highest, then decreased again essecially in the 120-h. ages
where the difference was the lowest. This trend was observed in Figure (1) when percent
egg hatchablity was studied in the different ages of normal or irradiated male.
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Fig (2): Effect of Gamma irradiation (90 Gy) of the Mediterranean fruit fly, Ceratitis
capitata Wied. a+A152t different ages on testosterone level.

The testosterone levels in several insect species were mentioned in many records.
For examples partially purified extracts from a wide range of insects (Periplanetct
americana, Acheto domesticus, schistocerca gregaria, Ischnura elegans, oncopeltus
fasiatus), when analyzed by RIA showed a detected levels of testosterone and other
vertebrate type steroid in all extracts'9'. Furthermore, He-SI et al.im and Reddy et al.(ll>l2),
showed that the vertebrate type steroid (testosterone equivalent) plays a role in sexual
differentiation, growth and reproduction of the silk worm Bombyx mori. The authors came
to the conclusion that the occurrence of testosterone and its potential physiological
importantance should not be ruled out. In the current study, it was observed that,
testosterone was highly affected by the sterilizing dose (90 Gy).
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Table (I) and Figure: (3) showed that the percent reduction (from control) in egg
hatchability ranged between 88.35 and 96.04 while the perentage reduction in testosterone
levels ranged between 31.8! and 56.84.

It is worthy to mention that while the percent reduction in eggs hatchability due to
irradiation was almost steady at all male ages, the reduction in testosterone level due to
irradiation increased through the youngest 3 male ages (24, 48 and 72 haurs) then decreased
at the 96 and 120-hours age (the oldest ages)
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Fig (3): Correlation between testosterone level and egg hatchability when male
Ceratitis capitata Wied. was irradiated in the pupal stage (2 days before emergence)
with 90 Gy.

From the forgoing results it could be concluded that testosterone level in the male
medfly was reduced by the sterilizing dose of the fly (90 Gy) and the reduction was
associated with male sterility. In other words, the reduction in testosterone level could be
used as a biomarker for monitoring sterilization of the irradiated male before its release in
the field for a SIT program. Moreover this biomarker can be also used in quarantine
measurements to differentiate between the imported, irradiated and unirradiated, food
infested by the medfly.
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