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ABSTRACT

The effect of gamma rays on the longevity of different larval instars of the midge

Chironomus riparius was investigated by using five doses, 1, 9, 30, 200 and 1000 Gy.

The.LT50 (time in days required for killing 50% of the population) was estimated using

SPSSX programme.

The data showed that irradiation decreased LT50 in the second, third and fourth

instars in comparison to their control while in the first instar irradiation increased LT50

at all doses used. The data also showed that shortening or increasing life span was

independent of the dose applied.

Results were discussed in terms of the possibility of inhibiting enzymes by gamma

radiation.
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INTRODUCTION

Extensive literature exists on the effects of ionizing radiation on life span of

insects ' " ' ' Generally, it is well known that exposure to ionizing radiation in sublethal

doses usually causes life shortening and in most cases this was proportional to the dose

applied " " . The possibility of extending the normal life span by radiation was reported

by some authors '" The effect of radiation on aquatic insects has received little

attention(8- 9).

The aim of the present work is to study the effect of certain doses of gamma

irradiation on the life span of Chironomus riparius larvae, which are known for their

ability to tolerate and survive under some environmental stressors and are considered a

good indicator of freshwater pollution* .

MATERIAL AND METHODS

1. Experimental animals

Different larval instars were collected from a culture unit kept at 20 °C in a

constant temperature room with continious aeration Differentiation between instars was

determined by using mandible length

Large instars were picked up from the culture by a fine forceps while a pipette

was used to pick up small larvae (first and second instars). The damaged larvae were

discarded. Approximately 15 larvae were used in each radiation dose The larvae were

transferred to 5 cm diameter pill pots containing artificial pond water to be irradiated

The artificial pond water (A.P.W.) have the following chemical contents: 11.76 gm of

CaCl2 2H2O, 4.93 gm of MgSO4, 2 59 gm of NaHCO^ and 0.23 gm of KCL During

experimentation, the A.P.W. was changed daily to eliminate metabolites but no food was
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added The numbers of dead larvae were recorded every 24 hours Death was ensured

when the animals ceased to respond to mechanical stimulation. After death of the larva,

the mandible length was measured to check the larval transformation

2. Irradiation technique

The source of gamma radiation "60CO" was used to irradiate chironomid larvae

at a dose rate of (1000r/3.48 min.). The larvae were exposed as a whole body. The doses

used were 1, 9, 30, 200 and 1000 Gy. After irradiation four larvae of the third and fourth

instars were put in pill pots while tissue culture boxes were used for the first and second

instars Five replicates were used for each radiation dose.

3. Statistical analysis

The data obtained in this study were analysed by using SPSSX programme, to

determine LT50 (time in days required to kill 50% of the population). Comparison of

survival between different groups was calculated by using Lee-Desu test .

RESULTS

Mortality of chironomid larvae was calculated after exposure to different doses of

gamma irradiation Table (I) shows the LT50 and percentage (%) change for the first,

second, third and fourth larval instars with various doses of gamma irradiation Fig (I)

illustrates the effect of different doses on LT50 of the four larval instars

It was noted that radiation caused shortening in life span for all instars except for

the first instar in which radiation caused life prolongation Regression analysis showed

that higher doses were not always the most effective. There was a little correlation

between LT50 and doses used
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FIG. 1: EFFECT OF DIFFERENT DOSES OF GAMMA IRRADIATION
ON LONGEVITY (LT50) OF CHIRONOMUS RIPARIUS LARVAE
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Analysis of variance for accumulation death showed that the first instar control

larvae differed significantly from treated larvae at different doses of irradiation (P<0 05)

except at 1000 Gy. In the second instar untreated larvae differed significantly from those

treated with 1000 Gy (P<0.05) while other doses of radiation decreased the life span of

larvae in comparison to control but not significantly. For the third instar untreated larvae

and larvae treated with 1 and 30 Gy showed significant difference in their survival

(P<0.05). Other doses did not show such difference. For the fourth instar the untreated

larvae differed significantly from all treated larvae (P<0 001).

It has been observed that during this study some larvae were able to transfer to

the next instar and one of the fourth instar larvae pupated.

TABLE (I) LT50 AND PERCENTAGE CHANGE (% R. FOR REDUCTION; % I
FOR INCREASE) FOR DIFFERENT LARVAL INSTARS OF
CH1RONOMUS R1PARWS

Dose

(Gy)

0

1

9

30

200

1000

First instar

LT50

10

15.5

19.5

18

17

13.25

% I

55

95

80

73 1

32.5

Second instar

LT50

21.5

7.5

1075

14

11 87

10.75

% R

65 2

50

349

44.8

50

Third instar

LT50

21

15

11

6 83

17

17.5

% R

28.6

47.6

67 5

19 |

167

Fourth instar

LT50

19

6.25

5

4.5

7.4

8.33

% R

67 1

73 7

76 3

61 1

562
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DISCUSSION

In insects shortening in life span by irradiation, has received attention, but only

for adults Different reasons of shortening life have been suggested, by some authors'
8 14)

They attributed life shortening by irradiation to mutogenic effects. Other authors

showed that the effect of irradiation may be due to ultrastructural alteration in

mitochondria or in midgut epithelium' 1- \

In this study the shortening of life in the second, third and fourth instars may be

attributed to change in some enzymes activity caused by irradiation A recent study

showed inhibition in activity of acetylcholinesterase (AchJE) and aliphatic esterase (AliE)

in second, third and fourth instars An increase in activity of these enzymes was observed

in the first instar (El-Halfawy et al, unpublished data). Inhibition in AchE level was found

in cotton leaf worm larvae which were produced from different crossing between

irradiated parents . AchE is responsible for hydrolyzing acetylcholine into choline and

(18)

acetic acid This hydrolysis is an important biochemical process in transmission of

nerve impulses. Although the doses used in the present study did not cause paralysis to

the larvae, it is suggest that accumulation of Ach resulted in a sort of toxicity that

induced life shortening

On the other hand, the increase in longevity by irradiation should not be

completely unexpected However, several explanations may be proposed. Atlan et al.

1969 concluded that in Drosophila irradiation might act by eliminating early

accidental deaths including, but not limited to. those involving bacterial infection Cork.

I957(6>, suggested that an increase in longevity by radiation may be induced by slowing

certain physiological processes Grosch, 1956( , also suggested the stimulation of

repair mechanism within the animal as the reason of increasing life span Koval et al,

l9yg(2l) a s s u m e c j {}iat inSect cells in culture may be resistant to the lethal effects of

ionizing radiation due to a very efficient DNA-repair process Moreover, Ducoff

319



1967( \ suggested that moderate doses of radiation exert two conflicting effects, a

detrimental effect in the proliferative tissues and a beneficial effect in the postmitotic

tissues. Yang and Ducoff, 1969 , found that, young TrihoHum castanum larvae were

less radiosensitive than old larvae. This is the case with the first instar larvae in the

present study where the irradiated larvae lived longer than the control animals and LT50

was higher than the other instars in different doses. Perhaps the increase in life span of

the first instar by irradiation is due to the fact that those larvae were chosen for

irradiation immediately after hatching and one can suppose that mitotic activity is

prohibited and the cells became undifferentiated This suggestion agrees well with that of

Bergonie - Tribondeau, 1906 , which proposed the principle that the radiosensitivity

of cells is proportional to the their degree of differentiation. Bourgin et al, 1956

found that in X-irradiated Drosophila larvae, the organs that most affected were those

which were most rapidly dividing and differentiating at the time of irradiation On the

other hand, O'Brien and Wolfe, 1964 , indicated that there was a brief period of

intense mitotic activity when molting occured and in this period the cells become more

sensitive to irradiation.

We like to point out that some irradiated larvae succeeded in transforming to the

next instar and this is in accordance with Ashrafc/ al, 1971 ' , who worked with the

Indian meal moth larvae.

The present results showed that the effect of gamma irradiation on the life span

of Chir. larvae is independent of the dose Similar results were obtained for Tribolium .

confusun/2f>\ Also Ducoff, 1972( \ stated that radiation induced death occurs during

a limited time period, both the beginning and duration of which are relatively independent

of the dose over a wide range.

The difference in LT50 curves for different instars may be because each

population might be of mixed ages with consequent heterogeneous response The
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resistance of chironomid larvae to irradiation is peculiar and this shed light on how these

larvae could be resistant to their environment stresses.
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