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Abstract

Seven-days old larvae of £phestia calidella were gamma
irradiated with doses from 25-300 Gy. Irradiation reduced rate of
pupation and adult emergence. Also it increased adult’s
malformation and shortened their life span. The lethal dose for
larvae was 300 Gy. Adult fecundity and fertility were adversely
affected by the gamma irradiation especially at 100 Gy. Irradiation
of 7-day old larvae (2™ instar) with this dose caused severe
biochemical abnormalities which extended to 14 and 18-day old
larvae (4" and 5% or full grown larval instar, respectively). Lactate
dehydrogenase (LDH), protease, carbohydrases and main
metabolites, total proteins and total carbohydrates were
significantly inhibited. On the contrary, alanine aminotransferase
(ALAT) and aspartate aminotransferase (ASAT) were elevated after
treatment. The possible explanation was discussed and it was
concluded that irradiation of this pest led to severe macromolecular
changes which could affect general biology.

INTRODUCTION

Date fruits can be considered as a complete diet since they contain all the
necessary ingredients required for human body. Among the difficult problems of
packing fruits is the infestation by Ephestia calidella, which is widely distributed in
Arab countries and Egypt. It is capable of causing significant economic damage. The
presence of the Oases date-moth larvae inside dates reduced their marketing value.
Gamma irradiation is an important possibility for use in insect control. This physical
treatment could eliminate the use of insecticides which leave residues and sometimes
fail to penetrate, completely, the dates packages when used as fumigants.

Reports that deal with the effect of irradiation on this pest are few. Mikhail (2003)
studied the biology of this pest after treating the pupae with gamma irradiation.
Several reports on different pests illustrate that irradiation cause variable changes at
the biochemical level (Salama et a/, 2000, Mohamed ef al, 2004, and others) that
could led to abnormal metabolism. The object is, therefore, to highlight biological and
biochemical abnormalities induced by gamma irradiation of £. calide/la larvae (7-day
old)
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MATERIALS AND METHODS

Test moths were obtained from laboratory cultures reared at 26 + 2°C and 75 +
5% RH. Insects were reared on artificial diet composed of 1 Kg crushed wheat, 250
gm honey, 250 gm glycerin and 5% brewer's yeast. Newly-emerged moths were
allowed to mate and oviposite in inverted glass jars with screen tops. The eggs that
fell through wire mesh were collected in open Petri dishes every day. Seven-day old
larvae were obtained after 24 hr from egg hatching, and then they were fed with the
diet for 6 days. Larvae were irradiated with gamma ray doses 25, 50, 75, 100, 150,
200, 250 and 300 Gy in gamma cell with a dose rate of 20 Gy/min Fifty treated larvae
as well as an equal number of control larvae were placed in jars and supplied with the
diet until eclosion. Each treatment was replicated three times. Percentage of pupation,
adult emergence, adult malformation and adult longevity were calculated. To
determine adult fecundity and fertility, moth produced from irradiated 7-day old larvae
(sexed in last or fifth larval instar according to Poulton, 1888) were paired in plastic
tubes as follows: NM x NF, IM x NF,"NM x IF and IM x IF (I= irradiated,AN = Normal,
M = Male, F = female). Fifteen pairs in 3 replicates were tested in each mating
combination.

For biochemical tests, sixty larvae in three replicates for both 100 Gy-treated
and control were collected at 7, 14 and 18-day old larvae (2™, 4" and 5" instar
larvae, respectively). The 100 Gy dose was chosen because it caused the highest
depression in adult fecundity and fertility. Then the larvae of each replicate were
homogenized in distilled water at 5°C using Teflon tissue grinder for 5 min.
centrifugation was done at 4000 r.p.m. for 10 min using a refrigerated centrifuge
(5°C). The resultant supernatant was used for analysis. Total proteins were estimated
according to the method of Bradford, (1976), and expressed as pg protein/larva. Total
carbohydrate$ were determined in acid extracts by the phenol sulfuric acid reaction of
Dubois et al. (1956) and expressed as pg glucose/larva. The proteolytic activity was
estimated according to Birk et al. (1962) by the casein digestion method. The results
calculated as OD units x 10%/min/larva (1 unit = 1 O.D.). The carbohydrases,
invertase, trehalase and amylase were evaluated according to the method described
by Ishaaya and Swiriski (1976). The enzymatic activity expressed as pg glucose
released/min/larva. Alanine aminotransferase (ALAT) and aspartate aminotransferase
(ASAT) were determined according to the method of Reitman and Frankle (1957) and
the acﬁvity resembled by U(unit)/larva. One unit of ALAT corresponds to the amount
of enzyme which converts 1 pmole o~ketoglutrate to L-glutamate per minute at pH
7.6 and 37°C in the presence of L-alanine. While 1 unit of ASAT corresponds to the
amount of enzyme which convert 1 pmole of 2-oxoglutrate to L-glutamate per minute
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at pH 7.5 and 37°C in the presence of L-aspartic acid. The estimated lactate
dehydrogenase (LDH) was done as described by Randox kit (Randox Laboratories
LTD., United Kingdom, BT29 4QY) using an optimized standard method according to
the recommendation of the Deutsche Gesellschaft fur Klinische Chemie (DGKC)
(1970). LDH activity was expressed as U (unit)/larva. One unit corresponds to the
amount of enzyme which reduces 1 pmole pyruvate per minute at pH 7.0 and 25°C.
For all experiments, colour produced was red by a spectrophotometer (Spectronic
1201, Milton Roy Co., USA)

RESULTS AND DISCUSSION

Table (1) shows the effect of gamma irradiation on some biological parameter of
E. calidella treated as 7-day old larvae. Percentage of pupation and adult emergence
were decreased with increasing the dose of irradiation. The lethal dose for 7-day old
larvae was 300 Gy. Gamma irradiation particularly at higher doses, increased adult
malformation and shortened the life span of the adults. Females were more
radiosensitive than males. Table (2) illustrates that irradiation caused significant
reduction in fecundity and fertility. The greatest reduction was occurred when both
sexes were mated at 100 Gy. The biology of many insect species was affected in the
same manner due to treatment with gamma rays, e.g. £. cautella (Brower, 1980) and
Corcyra cephalonica (E\-Bermawy et al., 2001).

When 7-day old larvae of the oases date moth, £. calidelia treated with 100 Gy
of gamma irradiation, severe biochemical changes occurred either directly after
administration or with time elapsed, i.e. at 14 or 18-day old larvae (Table 3 and fig.
1). All the digestive enzymes tested, protease, amylase, invertase and trehalase were
significantly depleted as compared to that of control (84.96, 68.09, 73.21 and
46.84%, respectively). The decline was more pronounced at 14 and 18-day old larvae.
Transaminase activities were on the contrary. ASAT and ALAT were significantly
elevated in both acute and delayed effects. ASAT activity was 262.6, 249 and 230% as
compared to that of control. ALAT sharply increased but the activity began to decline
with time. It was 861.74, 473 and293.43% as compared to control for 7, 14 and 18-
day old larvae, respectively. The energy enzyme, LDH was greatly reduced in 7-day
old larvae as compared to that of control (52.77%), but its activity was increased
later. It was 70.76% and 75.12% for 14 and 18-day old larvae, respectively. The
larval total proteins and total carbohydrates content was also depleted significantly
after irradiation, indicating the great effect, in general, on the larval whole body. Total
proteins were only 59.5% as that of control, while total carbohydrates were more
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depleted. It was 49.17% as compared to that of control. But the decline was more
noted in total proteiﬁ content than total carbohydrates at 14-day old larvae.

Authors have attempted to clarify the mode of action and the effects of gamma
irradiation on several insect species. It is known that irradiation affects ribonucleic
acids which ultimately might cause disturbance in protein synthesis including enzymes.
Also irradiation could denaturate enzymes. Desroseir (1970) reported that ionizing
radiation induced denaturation in protein. The disturbance of enzymes might affect
several metabolic processes such as digestion, energy production, metabolic pathway
..etc. which could ultimately affect normal metabolism in the insect. In an attempt to
explain the reduction of the biological aspects in £ calidella, several enzymatic
activities have been examined. As we show, the digestive enzymes, protease,
amylase, invertase and trehalase were inhibited. El-Naggar (1999) reported that the
gamma irradiation of male moth of Farias insulana lowered the activity of the
haemolymph enzymes, amylase, invertase and trehalase.

Due to the inhibition of digestive enzymes, it was expected that total proteins
and total carbohydrates to be reduced. In the present investigation, these metabolites
were significantly reduced. Amin et al. (1996) reported that carbohydrates in both
sexes of Culex pipiens, which gamma irradiated as pupae were decreased with
increasing the time elapsed after emergence. Irradiation decreased significantly
protein content in the male whole body after 48 hr especially at higher doses.

Maintenance of the balanced “amino acid pool” in insects is the result of various
biochemical reactions carried out by a group of enzymes called aminotransferases.
Such reactions are mainly responsible for the degradation and biosynthesis of amino
acids, linking the glucose and protein metavbolism. The present experiments revealed
that the activity of ASAT and ALAT was increased sharply after exposure to gamma
irradiation especially at 7-day old larvae. This increase began to decline with elapsing
of time, especially for ALAT activity, but still higher than control insects. Mohamed et
al. (2004) recorded elevation in some enzymes activities of Agrotis jpsilon after
exposure to 100 Gy. The activation of enzymes after irradiation was due to disruption
of enzymes, disruption of cellular structure and liberation of proteolytic enzymes due
to changes in the permeability of the mitochondrial membrane for enzyme molecules
(Hagen, 1975). It seems that in spite of gamma irradiation ability to activate some
enzyme systems, its adverse effect on the rest of enzyme systems and general
metabolism is greater.

One of the important energy enzymes that related to energy yielding and which
was significantly reduced, as shown in the present work, is LDH. Insect tissues other
than' flight muscles do have lactic dehydrogenase, leading to the formation of two
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molecules of lactic acid for every molecule of glucose used with consequent net gain
of energy. This system is known to occur in insect or tissue where oxygen is likely to
be in short supply (Chapman, 1982). Little is known about the effect of irradiation on
this enzyme, but Salama et a/. (2000) used some dehydrogenases including LDH as a
direct measure for Certitis capitata vitélity after exposure to gamma irradiation.

The present study clarify that irradiation of 7-day old larvae of £. calidella with
100 Gy of gamma rays caused severe macromolecular abnormalities exemplified by
the effect on several enzymes and important metabolites. Also clarify that these
abnormalities lasted for relatively long period during the larval stage, i. e. not
regenerated. These might interpret the reduction of the biological parameters that
observed in this work.

Table 1. Effect of gamma irradiation on some biological parameters of £. calidella
treated as 7-day old larvae.

Dose Pupation Emergence Malformation Life span (di * S.E.
(Gy) % % Male Female Male* Female*
0.0 (Control’ 78.0 90.0 0.0 0.0 5.4% 0.1a 5.7+0.13a

25 70.2 66.8 0.0 51 4.8% 0.242 5.4£0.30b

50 58.8 60 7.2 123 4.5+ 0.22b 5.44 0.17b

75 50.0 45.4 27.9 40.5 4.6+ 0.47b 4.8+ 0.11b
100 36.6 31.2 45.0 67.7 4.0+ 0.16b 3.9+ 0.06¢
150 17.5 144 73.0 86.2 3.2:+0.20cd 3.0+ 0.15d
200 11.0 8 V 84.1 92.9 2.8+ 0.14cd 2.6+ 0.22de
250 6.8 3.6 96.3 100 2.3% 0.42¢d 2.2+ 0.34e
300 0.0 - - - - -

*Means followed by the same letter are not significantly different (P> 0.05, Duncan’s muitiple range test).

Table 2. Effect of gamma irradiation on average number of eggs per female and egg
hatch of £. cafidella treated as 7-day old larvae.

Dose Average no. of eggs/ female + SE Egg hatch (%)
Gy) IM x NF* NM x IF* IM x IF* IM x NF NM x IF IMxIF
0.0 (Control) 250.2+5.2a 240.6+3.4a 240.6+3.4a 86.0 84.4 84.4
25 140.8+3.5b 102.5+2.6b 88.5+1.1b 50.5 40.6 33.2
50 99.0£2.6¢ 70.8+3.7c - 47.6+0.78¢c 36.8 25.5 145
75 66.8+3.4d 50.2+2.4d 35.0+1.5d 240 13.2 8.0
100 40.6+2.8e 27.0+1.9e 20.0+0.48d 19.6 7.5 2.8

1 = irradiated, N = Normal, M = male, F = Female.
*Means followed by the same letter are not significantly different (P> 0.05, Duncan’s multiple range test).
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Table 3. Effect of gamma irradiation on some biochemical components of £, calidella
treated as 7-day old larvae with dose of 100 Gy (Mean + SE).

Larval age (Days)

Parameters® 7-day old 14-day old 18-day old

Control Irradiated Control |- Irradiated Control Irradiated

Protease 0.82+0.02 | 0.70+0.01 1.95+0.03 1.26£0.01 1.25+0.01 | 0.83+0.01

* Fkk *%

Amylase 11.44£0.25 | 7.79+0.12 | 35.5+0.33 | 15.51%0.88 | 43.97+0.51 | 22.0+1.02

*% 5ok *k

Invertase 124+0.79 | 91.36+0.99 | 282+2.05 112.2%3.0 290.9+2.4 | 113.7%1.12

dokk kK Fkk

Trehalase 27.75%£1.47 | 13.0+0.85 | 80.26%1.5 | 19.95+1.21 | 93.46=0.96 | 24.16£2.35

*k *kkK *kk
ASAT 1.82+0.08 | 4.78+0.12 | 1.00+0.06 2.49+0.25 0.36+0.02 | 0.83%0.11
Fokok Fokok *x
ALAT 2.98+0.30 | 25.68+0.29 | 0.96+0.13 4.55+0.23 0.76+0.05 | 2.23+0.17
Kk *ak *kK
LDH 11.56+0.20 | 6.10£0.01 | 32.02+0.12 | 22.66+0.12 | 40.95+0.24 | 30.76+0.14
Fokk *% *k

Total protein | 58.80+2.05 | 35.13+0.57 | 275x5.63 | 122.41+1.96 | 355%10.02 | 211+2.20

*k Fhk Fxok
Total 76.99+4.8 | 37.86+0.67 | 390+9.89 160+10.33 521+14.0 230+12.0
carbohydrates *Hk *HK *Hk

Abbreviation used: ASTA and ALAT= aspartate and alanine aminotransferase, LDH = lactate dehydrogenase

§ Protease units= 0.D. unit*10%/min/larva, Amylase, invertase and trehalase units= g glucose/min/larvae,
ASAT, ALAT and LDH units = U/larva, total protein and total carbohydrate units = pg/larvae

N.S. = nonsignificant, * = significant at 5% level, ** = significant at 1% level, *** = significant at 0.1%
level (Student’s t-test)



1057

‘uogelped ewiweb Jo A 00T Yim seAle| pjo Aep-/£ se
pajess} eyapieD 7 10 siejpwedled [ed|WaYd0Iq SNOLEA ) U} 95e3.09pD 10 aseanu; abejusdsad T ainbid

AMIN, T. R. AND SALWA A. BOSHRA

001~
L os-
09-
0%~
0T
0TAVIV QIAVSY
r o
AEIP) HA1 syl IsBIIAU] asejhuy aseajold
-Ayoqie) uyajoad
1830L 18300 Loz
r oy
09
arate] pjo Aep-gT @
aeae] plo Aep-y 1 B 08
auaze] pIo Avp-L £
001

1043002 03 AEPY %



1058 INFLUENCE OF GAMMA IRRADIATION ON LARVAE OF THE

10.

11.

12,

13.

.OASES DATE MOTH, EPHESTIA CALIDELIA (GUEN).

REFERENCES

Amin, A. H., A. H. Kansouh, A. M. Wakid, M. A. S. Aly and A. A. Shoman. 1996.
Biochemical effect of gamma radiation on the mosquito, Cules pipiens L. Proc. 6%
Inter. Conf. Nucl. Sci & Appl., 15-20 March, Cairo. P237 - 251.

Birk, Y., I. Herpaz, 1. I. Ishaaya and A. Bondi. 1962. Studies on the proteolytic
activity of the beetles Tenebrio and Tribolium. 3. Insect. Physiol., 8; 417-429.
Bradford, M. M. 1976. A rapid and sensitive method for the quantification of
microgram quantities of protein utilizing the principle of protein binding. Anal.
Biochem., 72, 248 - 254.

Brower, J. H. 1980. Irradiation of diapausing and nondiapausing larvae of Plodia
interpinctella: effects on larval and pupal mortality and adult fertility. Ann.
Entomol. Soc. Amer., 73: 420 - 426.

Chapman, R. F. 1982. The Insect Structure and Function. 3 ed. Hodder and
Stoughton, 919 pp.

Desrosier, N. W. 1970. The Technology of Food Preservation. AVI Pl;hlishing
Company Inc. London, pp. 313.

Dubois M., K. A. Gilles, J. K. Hamiltofl, P. A. Rebers and F. Smith. 1956.
Colorimetric method for determination of sugars and related substances. Anal.
Chem., 28 : 350 — 356,

El-Bermawy, S. M., Z. A, Ahmed and F. L. Ali. 2001. Changes in total proteins in
larvae of rice moth, Corcera cephalonica due to irradiation. Arab. J, Nucl. Sci. &
Appl., 34 : 323 - 335.

El-Naggar, S. E. M. 1999. Effect of gamma irradiation on food consumption and
utilization and digestive enzymes in the spiny bollworm, Farias insuiana Boisd.
{Lepidoptera: Noctuidae). Bull. Ent. Soc. Egypt. Econ. Ser.,,26:1-9.

Hagen, U. 1975. Zur Frage Strahlenativierug von Fermenten. Strahlenthnetapie,
106 : 277-281.

Ishaaya, 1. and E. Swirishki. 1976. Trehalase, invertase and amylase activities in
the black scale Saisstia oles, and their relation to host adaptability. J. Insect
Physial., 16: 1025 - 1029.

Mikhail, A. A. 2003. Effect of gamma irradiation on the oases date moth, Ephestia
calidella (Guen.). Ph.D. Thesis, Fac. Science, Cairo Univ., Egypt.

Mohamed, H. F,, S. E. M. El-Naggar and A. Z. Mohamed. 2004. The combined
effect of gamma irradiation and plant extract Barnoof on the nutrational profile to
the black cutworm, Agrotis ipsilon. 111. The effect on some haemolymph digestive
activities. J. Egypt. Acad. Environ. Develop (C-Moalecular biology), 5 : 99-115.



14.

15.

16.

17.

AMIN, T. R. AND SALWA A. BOSHRA 1059

Poulton, E. B. 1888. The determination of sex in certain living lepidopterous
larvae. Entomol. Soc. Lond., 5980 - 5999.

Rec. GSCC (DGKG). 1970. An optimized standard method for determining of
lactate dehydrogenase. J. Clin. Chem. Clin. Biochem., 8 : 658.

Reitman, S. and S. frankle. 1957. Colourimetric method for aspartate and alanine
transaminase. Amer. J. Clin. Pathol., 28 : 56.

Salama, M. S., A. A. Shoman, S. M. Elbermawy and 1. Aboulyazid. 2000. Vitality
Improvement of the Mediterranean Fruit Fly, Ceratitis capitata Wied. 1. Measured
by Using Dehdrogenase Enzyme Activity. 7" conf. Nud. Sci. & Appl., 6-10 Feb.,
Cairo, Egypt. 1218 - 1224.



1060 INFLUENCE OF GAMMA IRRADIATION ON LARVAE OF THE
OASES DATE MOTH, EPHESTIA CALIDELLA (GUEN).

clal gl gy (2 8 il o Lala dadf Ll
Y e st ¢ ol Qaiy gtk

&l = A ey il Sipadd] S po — Clilill 4lTg rpay e )
LAl 8L s~ g9ill igadll jSpe ¥

1B Luesd ALE clal gl el A1 8 48T o pledi) il Ol 30 cilud ol oY 1
sl dlite o Ula Al i du 0 5 a8 Rola@Y) Zall e 481 ol Luaay
(A () Sarll) AV ee LN Gan s 5 2 5 pda edgd Aliasy Al sl
Jama o Iy gl o 25 3y sln Tor (I Yo e fa Lils el e il clle o)
oi;;.,us.cu)mm.,mdwg‘g}wuﬁL—,‘Jai,aubu\c,},mn
onY Ao nll ol Jladl 8 s loa Ve deal) i Aialis Lygatd o Jiy il
S ey Al Y ee Gl ni o daa o) 385 L AEY) 030 3 LSl il il nny
?x\h_,\i)acghlsﬂui;.\mi"Mﬁbwnhjéwxﬂgwlu_‘ciah
(5 e o B lad¥U Aeleall of ap A5 () e ualally G (ol saall)
LS (s g puns i) UL a3 (5 iy om0 IS Al o 31 Gas gl
A LS LB pdall ey il a5 SN ZSH lis gy (5 e a8 Liad Aleleall Cassd
L sl 038 e Galiial Ny Aga¥) (alead ABLY a3V (5 shana 33 A (o Qe e
e eosy oSy A eSSl (sl o sals Gt e A8V o3 ol o
T ST PR



