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ABSTRACT

Three doses of gamma radiation (40 , 60 , 80 Gy) were applied to pupae

of Culex pipiens L. A control group was treated similarly except for

irradiation. Newly emerged non-fed adults were assayed for carbohydrate,

lipid and protein contents in the whole body after three periods (24 , 48

and 72 hours) post emergence.

The carbohydrate content of both sexes was decreased significantly at

lower doses of radiation. However, at 80 Gy the males showed significant

increase, while females showed significant decrease. Carbohydrates in

both sexes were decreased with increasing the time elapsed after
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emergence. However, in females, carbohydrates were increased after 72

hours, at all doses tested, compared to control.

The lipid content was reduced significantly with increasing the gamma

dose in both sexes. This content was also decreased significantly with time

at all doses tested and in the controls.

Irradiation decreased significantly protein content in the male whole

body after 48 hours especially at higher doses.

The reduction in female protein content at 80 Gy was very highly

significant compared to control after 48 hours post-emergence. Gamma

irradiation with high doses reduced protein content in testes and ovaries.

INTRODUCTION

Culex pipiens L. is one of the dangerous mosquito species transmitting

filariasis and Rift Valley fever(1-2). Extensive use of insecticides for

mosquito control developed resistance in mosquito for these insecticides.

Sterile insect technique (SIT) proved to be a unique and an indensipensible

tool in controlling insects because it is a non-polluting method of insect

control and eradication(3). The adverse effects of gamma irradiation have

been reported in C. pipiens^'5\ In the present work the adverse effect of

gamma irradiation was studied biochemically in C. pipiens in a trial to

explain some biological observations when mosquito pupae were

irradiated with 40 , 60 and 80 Gy of gamma-radiation.
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MATERIAL AND METHODS

Rearing Technique :

Mosquito larvae were collected from Abou Hashesh, Kalioubia

Governorate and were kept in lab. conditions (25°C ± 2°C) and relative

humidity (70-80%) during all developmental stages. The rearing technique

was followed mainly according to Abdel-Malek and Ahmed(6).

Irradiation Technique :

1-day old pupae were irradiated at the doses 40 , 60 , and 80 Gy with the

use of gamma cell having a dose rate of 11.53 rad/sec. The effect of

gamma irradiation on the ability of adults to utilize the food reserves

(carbohydrate , lipids and protein) accumulated during larval feeding was

studied in the whole body tissue of adult mosquito. Total protein content of

gonads in sugar-fed males and females in addition to blood-fed females

was also detected.

Estimation of total carbohydrates and lipids :

C. pipierts were irradiated as 1-day old pupae with three different doses

of gamma irradiation in addition to a control group that did not receive any

irradiation. At different periods of time (14 , 48 and 72 h.) post adult

emergence, carbohydrates and lipids were estimated in the whole body

tissue of the mosquito according to the method of Van Handel(7l8).
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Estimation of Protein :

Total protein content was estimated in irradiated adults. The mosquito

adults were divided into 3 groups, The 1st group was fed 1% sugar

solution and total protein content in individual mosquito whole body tissue

was estimated. The 2nd group was also fed 1% sugar solution and adults at

24 and 48 h. post emergence were anaesthetized with ether and dissected

with the aid of stereoscopic microscope in Ringer's invertebrate solution

and their gonads were isolated. A pool of five pairs of testes or ovaries was

used to estimate total protein in them. The 3rd group comprised the

inseminated blood fed females which were used to investigate the effect of

gamma irradiation on their utilization of a blood meal and production of

egg yolk protein. At 24 , 48 and 72 h. post blood meal, females were

dissected and their gonads were isolated. Each one pair of the ovaries was

homogenized to estimate total protein content according to the method of

Lawry et_. a/(9\,

RESULTS AND DISCUSSION

Fig.(l) shows that at 24 h. gamma irradiation at doses 40 and 60 Gy

insignificantly decreased carbohydrate content in non-fed male C. pipiens

when compared with control. However, at 48 h. gamma irradiation

significantly decreased (p < 0.001) this content. On the other hand, 80 Gy

led to a very highly significant increase (p < 0.001) carbohydrates at 48

and 72 h. It is worthy to mention that the obtained data revealed that there

was an increase in percentage of carbohydrate utilization at 24-48 h.
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followed by a decrease in utilization during the next period (48-72 h.),

after the application of 40 and 60 Gy.

Fig.(2) demonstrates the effect of gamma irradiation on the

carbohydrate content of non-fed female C. pipiens when the three

different doses of gamma irradiation were applied.

A significant reduction (p < 0.001) in carbohydrate content after 24 and

48 h. was observed for all doses used. However, after 72 h. the effect of

gamma irradiation was noticed when an increase of total carbohydrate

content took place for all doses used. Eighty Gy led to a reduction in

carbohydrate percent utilization of non-fed female C. pipiens reaching a

value of 14.1% compared to 89.9% in case of control group.

Fig. 3 depicts the lipid content of male non-fed mosquito after gamma

irradiation. Applying 60 and 80 Gy significantly reduced (p < 0.001) lipid

content after different periods of time post adult emergence.

The elapsed time post emergence had a clear impact on lipid content

when it decreased from 98.7 |ig/ o to 51.3 (ig/ o at 72 h. Similarly, a very

high significant reduction (p < 0.001) in lipid content and its utilization by

insect was also observed due to the increase of the gamma dose in non-fed

female mosquito when all treated groups were compared with the control.

The data indicated that percent utilization in the control non-fed female

mosquito was 58.54% for the female after 72 h. compared to 18.37% when

80 Gy was applied (Fig. 4).
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A decrease in carbohydrate content was observed by Shivaji'10' who

irradiated both sex of adult Periplaneta americana with X-ray. The present

results also came in accordance with the results obtained bySouka""

where she recorded a decrease in total carbohydrate content by increase of

doses applied to Spodoptra littoralis. However, she recorded an increase in

the lipid content. This discrepancy between the results obtained in this

investigation and those revealed by Souka(!l) may be attributed to the

differences in insect species or orders. For example, Diptera and

Hymenoptra oxidize carbohydrate as the major source of energy whereas

orders of lepidoptera and Orthoptera utilize lipids"2'. Interesting enough to

find that the lowering down of the nutrients level under stress conditions

was also reported by Mandel and Cahundhuri(!?) in their work with rice

moth Corcxra cephalanica St. were they found low levels of carbohydrate

and lipids after exposing moth to pyrethrum. The results of the present

study indicate a clear evidence of the effect of gamma irradiation on the

total content of carbohydrate and lipids. Similar results were recorded by

Bursell(l4l5) and Sacktor"6171 who stated that these nutrients are the major

source of energy and a respiratory fuels to supply energy for flight.

The effect of irradiation on total protein content in the individual whole

body tissue extract of sugar-fed male and female mosquito was detected

after 24 and 48 h. poemergence and are illustrated in Figures 5 and 6.

The protein content of irradiated male after 24 h. was not clearly

affected by difference doses of gamma irradiation and after 48 h. an

insignificant decrease wasobserved. Eighty Gy led to the seize of protein
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accumulation (Fig.5) Moreover, the protein content in sugar-fed female

mosquito was very highly significantly reduced (p < 0.001) compared with

control after 48 h. post emergence (Fig.6) and the rate of protein

accumulation in the treated groups decreased sharply than those of the

control when the 3 doses of gamma irradiation were applied.

Fig. (7) shows that in the male gonads the amount of protein remained

more or less constant. Using 40 Gy a stimulant dose , led to the stimulation

of protein synthesis and increased its amount in the gonads. However,

doses of 60 and 80 Gy caused a reduction in the protein. It seems likely

that, the protein does not tend to accumulate in the male testis at different

period of time between 24 and 48 h. It was also noticed that the protein of

male gonads was affected by irradiation like that of Heliothis virescens

when it was exposed to fluctuating temperature"81. The reduction in the

whole protein content of male C. pipiens in this study was associated with

a decrease in the protein of testis especially when the higher doses were

applied. Moreover , sterility showed to be affected by irradiation when it

increased with the decrease of protein content of gonads"9'.

Fig. (8) illustrates the protein content of the ovaries of sugar-fed female

mosquito. A very highly significant reduction (p < 0.001) in the protein

content of the ovaries was observed due to gamma irradiation. This

reduction was time independent where the control and the treated group

showed the same amount of protein at different periods of time. Moreover,

ovaries of female C. pipiens fed on a blood meal showed a very highly

significant reduction (p < 0.001) in their protein content after the
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application of the higher doses of gamma irradiation (80 Gy), where, this

dose quenched protein accumulation and even stopped it (Fig. 9). From

this investigation it seems likely that gamma irradiation leads to a decrease

in total protein content of the insect associated with a decrease in protein

content of the testis and ovaries'l9).

Lang(20) reported a decrease in protein content of both male and female

C. pipiens exposed to different temperatures. Despite the physiological and

biochemical differences among different insects a decrease in protein

content was recorded in several insect species irradiated at different life

stages. Rao el gf2l) recorded a decrease in protein content of midgut of

adult male Schistocerca gregaha. Abdel-Salam(22) found that the total

soluble protein of Ephestia kuhnilla was reduced when irradiated at larval

stage. The obtained results came concomitant with the results obtained by

Fadel'21' who worked on Cerotitis capitata (Wied) irradiated at the larval

stage. Contrary to the results obtained in this study Haiba(24) reported that

irradiation of pupae induced an increase in female Phthorimaea operculla

(Zeller).

It could be concluded that, as total carbohydrate content in C. pipiens

increased at 80 Gy of gamma irradiation it seems that males could not

transfer their accumulated carbohydrate into energy reflected as failure in

competition with normal male for mating with normal females.Moreover,

the male protein content decreased by the increase of gamma doses which

was shown biologically as a decrease in fertility. Therefore, the reduction

in the male protein content may explain the reduced male mating
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frequency and insemination. The fecundity and ovaries development

decreased with increase of gamma irradiation doses which was hand in

hand with the decrease in protein content of the female follicles irradiated

at high dosesM9).
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