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Abstract

The effect of radiation during egg stage with
three different doses 10,20 and 30 Gy on healthy and
diseased larvae with Flascherie (bacterial disease) was
investigated.

Different biochemical parameters of haemolymph viz
Total protein concentration, Trannsamianases enzymes;
Glutamic- Oxaloacetic  Transaminase (GOT) and
Glutamic- Pyruvic Transaminase {GPT) which are
responsible for silk synthesis and Alkaline and Acid
Phosphatase for their important functions in
metabolism, growth and synthesis of protein were
estimated.

INTRODUCTION

The effect of Gamma, X and UV rays on insects was studied by different
scientists, Datta and Ray, 1977, Sengupta et &/ 1977, Ovesenska and Jova, 1984,
Kanarev and Dothi, 1985 and Yusifov ef &/ 1990 for two reasons, the production of
these rays naturally in cosmic specially Gama rays which lead to changes in different
living arganisms.

Also, to control insects through the usage of Gama rays which extremely
affect the geatic material DNA (Muller, 1962). These rays are necessary for normal
being and growth of living orgenizm (Kuzin, 1986) and lead to changes in different
living organizms and cause mutation then evaluation.

Several authors selected different neutron fluence to irradiation silkworm
eggs and found that , there was an appropriate fluence range could be applied to
promote metabolism and physiological function in the silkworm body (Ruiying et al
1985).

Because of Gamma radiation may be auseful tool in exploring a genetic

variation for quantitative characters in silkworm {Singh, 1990).
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The production of these rays in cosmic rays to control insect through the usage of
Gamma rays which extremely affect the genetic material DNA (Muller, 1962).
Therefore, the present study was carried out to investigate the effect of
Gamme rays on some biochemical parameters related to protein synthesis and
production in the haemolymph and silk gland of healthy and diseased larvae from

irradiated and non irradiated eggs at late stage of development.
MATERIALS AND METHODS

Silkworm egg were obtained from The Sericulture Research Department of
The Plant Protection Research Institute in Giza.

Irradiation was conducted at the Gamma Cell unit installed at the Middle
Eastern Regional Radio Isotope Center for The Arab Countries in Dokki during the
embryo stage with 10,20 and 30 Gy. Larvae hatched from irradiation eggs were
reared under the laboratory condition according to Krishanswami, 1978.

Infected larvae with Grasserie and Flascherie were collected and be a part
from control
The haemolymph was collected from healthy and diseased larvae according to (Takai
and Tamashiro ,1975 ). Total protein concentration was estimated accroding to
(Henry 1964 ).Glutamic —Oxaloacetic Trasaminase{GOT) and Glutamic — Pyruvic
Transaminase (GPT) activities were estimated colourmetrically according to (Ritman
and Frankel 1957) .Alkaline phosphatase was estimated colourmetrically according to
(Kind and King 1954). Acid phophatase activity was estimated colourmetrically
according to (Moss, 1984). The obtained data were manipulated statistically by using
T-TEST analysis.

RESULTS

A-Haemolymph Biochemical Studies:
Different biochemical parameters of flascherie disease in irradiated and non-

irradiated haemolymphal samples of Bombyx mori L. were reported in Table (1)

Total protein:

a- Estimation of Total protein concentration in healthy and diseased non

irradiated larvae revealed high significant difference between diseased and
healthy {control) ones. It was reduced by 65.670 compared to the controf in

diseased larvae Table (1)
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b- The same trend was cbserved in 10 and 20Gy irradiated groups. The effect
of irradiation on protein concentration in healthy larvae heamolymph revealed
that 10Gy and 20 Gy doses increase the protein conentration { 12.337 and
10.3, respectively). Low dose of 10Gy was higher than 20 Gy dose as
revealed in Table 1. '

Transaminases enzymes:

a- The estimation of Glutamic-Oxaloacetic Transaminase (GOT) activity showed a
non-significant  difference between Flacherrie and healthy non-irradiated
haemolymphal samples. Also, the activity of GOT in 10Gy and 20 Gy irradiated
diseased larvae was not significantly differ with healthy ones,

b- On the other hand, Glutamic-Pyruvic Transaminase (GPT) activity of Flascherrie
diseased larvae showed a highly significant difference with healthy non-irradiated
larvae as shown in Table (1).

Cnes in 10 Gy dose of diseased {arval haemeclymph The GPT activity showed
a significant difference with healthy , and a highly significant difference with healthy
ones in the 20Gy irradiated larvae.

Phosphatases enzymes:

a- Estimation of Alkaline Phosphatase (AkP) activity for non-irradiated larvae, showed
a significant difference hetween Flacherrie diseased larvae and healthy ones while
10Gy irradiated tarval haemolymph diseased with Flacherrie was highly significantly
differ with heaithy ones and recorded a non-significant difference in AkP activity
comparing to healthy ones in 20Gy irradiated haemolymgphal sampies.

Estimation of Acid Phosphatase {AcP) activity for non-irradiated group in
diseased samples showed a highly significant difference comparing to healthy ones.
But no significant differences was recorded in diseased larval haemolymph irradiated
with10Gy and 20Gy comparing with healthy ones .

Silk gland Biochemical Studies:

The same biochemical parameters were estimated for silkgland samples and
reported in Table (2).

Total protein:

Total protein concentration of Flacherrie diseased silkgland samples was not
significantly differ with healthy (control) ones. The same trend was observed in 10Gy

and 20 Gy irradiated samples.
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Transaminases enzymes:

Glutamic-Oxaloacetic Transaminase (GOT) activity in Flacherrie diseased
samples was highly significantly differ with healthy (control) ones. Also, the same
trend was observed in 10 and 20Gy irradiated samples. On the contrary, The activity
of Glutamic-Pyruvic Transaminase (GPT) in diseases larvae was not significantly differ
with healthy ones in non-irradiated samples.

Also, the same in irradiated group with 10 Gy dose, Table 2.

On the contrary, in 20Gy irradiated silkgland samples of Flacherrie diseased
larvae, GPT activity was highly significantly differ with healthy ones.

Phosphatases enzymes:

The estimated Alkaline Phosphatase (AkP) activity of Flacherrie diseased

samples showed a non-significant difference with healthy (control) non-irradiated
samples. In 10Gy irradiated silkgland samples of Flacherrie diseased larvae AkP was
significantly differ with healthy ones,. While 20Gy irradiated samples showed a highly
significant difference of compared to healthy cnes.
Estimation of Acp of diseased samples of non-irradiated larvae showed a significant
difference with healthy (control} ones asignificant difference between Flascherie
diseased and healthy larvae was recorded in 10 Gy and highly significant difference
in 20 Gy Table (2).

DISCUSSION AND CONCLUSION

Haemolymph biochemical studies:

Changes occurring in the haemolymph following pathological infections and
irradiation could be expected to reflect physiological changes in tissues {Young and
Lovell 1971; Abulyazid 1998),

Total protein concentration:

In the present study, total protein concentration in Flacherrie diseased larvae
reduced by about (65.67%) compared with that of controf. Mckinstry and Steinhauer
(1970) in Galleria meflonella, Salem, et af (1980c) in Philosamia ricini and Barakat
(1997) in Galleria melfonefia, observed that, by increasing the dose of Bacillus cereus
the protein levels decreased than control. This is may be due to their sharing in the
formation of factors and enzymes that activate the phagocytic response of the
haemolymph. Beard (1945) concluded that, the pathogenic infection produces drastic

changes in the haemolymph proteins of the infected host. The larval death from
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Bacillus cereus infection may result from the production of proteoiytic enzymes
(Bucher 1960) or from the reduction in haemolymph proteins (Lysenko 1972). The
effect of irradiation on protein synthesis and inhibition in lepidopterous larvae was
studied by several investigators, {Desrosier 1970) concluded that, ionizing radiation
induced denaturation in proteins. Protein synthesis in lepidopterous celis is regulated
in response to irradiation by means of synthesis of several protein types and inhibition
of others (Rand and Koval 1994}, This may explain the increment of protein
concentration in 10Gy dose and the reduction of its level in 20Gy dose in the present
study.

The present results concerning the effect of diseases on the protein
concentration in fifth larval instar from irradiated eggs. It was found that, Flacherrie
disease of 10Gy irradiated group reduces the protein concentration by about 58.76%
deviated from controt and by about 45.5 % in 20 Gy dose.

Biochemical parameters of Silkworm are known to be altered due to invasion

by infectious pathogens (Ambika, ef @/ 1996). Therefore, it was important to observe
the change in enzymes activities, which have an important role in the formation of silk
proteins as well as protein concentration during bacterial and viral infections.
Transaminases enzymes:
Silk proteins are synthesized in the haemolymph and silkgland from precursor amino
acids by enzymatic transamination reactions (Mahmoud 1988). Glutamic acid is
formed by amino transfer from aspartic acid by Glutamic-Oxaloacetic Transaminase
(GOT) or from alanine by Glutamic-Pyruvic Transaminase (GPT), it is probably a very
significant enzymatic activity in the final stage of development {Gowda and Ramaiah
1976).

The present investigation revealed that, GPT records lower activity than GOT
enzyme in the haemolymph of healthy larvae. This result was confirmed by (Gowda
and Ramaiah 1976) they recorded that, formation of alanine through enzymatic
transfer of the amino group from either glutamic acid or aspartic acid was very slight
after the second moult in 8. moriL. larvae then decrease to undetectable levels at the
final stage of development.

The obtained results revealed that, Flacherrie disease decreases the activities
of both GOT and GPT enzymes by about (44.121 and 31.01%, respectively). Also, in
10Gy irradiated haemolymph decreases the activities of GOT and GPT enzymes by
about (32.204 and 3.823%, respectively) and in 20Gy irradiated larvae, Flacherrie
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disease decreases the activities of GOT and GPT enzymes by about (28.09 and
38.26%, respectively).

Mordue and Goldworthy (1973) and Tsou, et a/ (1979) found that, the
changes in transaminases activities might be correlated with the protein metabolism.
The trend of results in the present study support this suggestion, the protein
concentration was related to the transaminases activities in the haemolymph of
healthy and diseased samples of irradiated and non-irradiated groups. The
interrelationships between protein synthesis and transaminases levels was confused
by the hormonal control of protein synthesis and the neurosecretory hormones which
involved in the regulation of transaminase levels (Ramadan, et af2002),
Phosphatases enzymes:

Phosphatases enzymes were determined for their important functions in
metabolism including the phosphate cycle, tissue transformation, growth, nerve action
and synthesis of fibrous proteins (Mahmoud 1988). Alkaline Phosphatase plays an
important role in the degradation and synthesis of tissue proteins (Denuce’ 1952).
Acid Phosphatase is important in biclogical processes that need high level of energy,
such as development, growth, maturation and histolysis (Ray, et a/1984).

The presented results showed that, Acid Phosphatase predominates over
Alkaline Phosphatase in the haemolymph of fifth larval instar of B. mori L. Pant and
Lacy (1969) suggested that, Acid Phosphatase predominates over Alkaline
Phosphatase when processes of tissue histoiysis, histogenesis, differentiation and
transformation are intensive in Phifosamia ricini. Sridhara & Bhat (1963) noticed a
steady increase in the activities of both enzymes in 8. mori L. from hatching till the
spinning stage followed by a conspicuous decrease at each moult. (Mahmoud 1988)
recorded the absence of Alkaline Phosphatase in the haemolymph of 8. mori L. and
Philosamia ricini larvae. The absence of phosphatases enzymes in insect haemolymph
may be an adaptation process to the vast energy needs during the formation of silk
(Sridhara and Bhat 1963).

In the present study it was found that, Flacherrie disease increases the
activity of Alkaline Phosphatase by about (70.454%), while it decreases the activity of
Acid Phosphatase by about (57.915%) in the haemolymph of non-irradiated larvae.
Wolfersberger (1984) found that midgut cells of lepidopterous larvae were rich in
Alkaline Phosphatase activity. Due to destruction of midgut cells by bacteria a

endotoxins, changes in basement membrane permeability took place, which permit an
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ever increasing flow of midgut contents to the haemolymph {Loulocudes and Heimpel
1969). The highly alkaline midgut contents increase the PH of the haemolymph to 8.1
{Heimpel and Angus 1959}, This may explain the high Alkaline Phosphatase activity in
the haemolymph of Flacherrie diseased larvae in this study. Due to bacterial infection,
the acidity of haemolymph decreases (Aruga 1994). This may explain the decrease in
Acid Phosphatase activity in the haemolymph of Flacherrie diseased larvae in the
present study.

Results revealed that the inhibition in AcP activity by bacterial infection in the
haemolymph of non-irradiated larvae reflect most probably a strong inhibition of
ecdyson as postulated by (Bassal and Ismail 1985). Irradiation with 10 and 20Gy
doses disturb this trend.

The results obtained revealed that, irradiation increases the activity of
Alkaline Phosphatase, while it decreases the activity of Acid Phosphatase in the
haemolymph of healthy larvae. Fiacherrie disease decreases the activities of both
Alkaline and Acid Phosphatases in 10Gy irradiated larvae by about (80.238 and
16,918%) deviation from control.

On the other hand, in 20Gy irradiated larvae, Flacherrie disease increases the
Alkaline Phosphatase activity by about (10.503%) deviation over control and
increases the Acid Phosphatase activity by about (29.019%) déviation over control.

Silkgland biochemical studies:
Total protein concentration:

Silkgland protein concentration was estimated during the fifth larval instar to
reveal the effect of diseases on the normal and irradiated larvae. It was found that,
the protein levels in the silkgland are lower than in the haemolymph of heaithy non-
irradiated larvae. Mahmoud (1988) disagreed with these results, there was a higher
levels of proteins in the silkglands of B. mori L. and Philasamia ricini during the fifth
larvai instar. Passent and Szafranski (1970); Singh, et 3/ (1985) mentioned that, the
silkkglands in 8. mori L. and Philosamnia ricini formed proteins gradually during the fifth
larvat instar and reached a maximum level before spinning process.

Flacherrie disease increases protein concentration in the silkgland by about
{62.799%) deviated over control.
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Irradiation with 10 and 20Gy doses of healthy larvae increases the protein
concentration in the silkglands. This may be due to the increase in silkgland celis
resulting in an increase in the formation of liquid silk proteins (Aruga 1994).

Petkove, et a/ (1996b); Carneiro (1997) concluded the same results as
irradiation stimulates the synthesis and secretion of silk proteins and also stimulates
the increment of protein and nitrogen contents in the silkgland.

In the present study, Flacherrie disease of 10Gy irradiated samples decreases
the protein concentration of 20Gy irradiated samples by about (33.202%) deviated
from control. While, it increases protein concentration of 20Gy irradiated samples in
the silkgland by about {83.536%) deviated over control
Transaminases enzymes:

Transaminases enzymes were involved in the uptake of nitrogen from
mulberry leaves by silkgland and body tissues, which resulted in the subsequent
promotion of silk protein synthesis (Li and Zhu 1985). Also transamination reactions
are important in the formation of alanine from both aspartic and glutamic acids
(koide, et a/ 1955; Gregoire, et a/ 1960).

The changes in GOT and GPT activities due to diseases in normal and
irradiated silkgland were studied. GOT records a higher activity than GPT in the
healthy irradited and non-iirradiated silkglands. This result was supported by (Singh,
et a/ 1985) in Philosamia ricini and (Mahmoud 1988) in 8 mori L. and Philosamia
ricini. This might be due to the prevalence of aspartate and giutamate, which are the
substrates of GOT enzyme, in the posterior silkgland (Fournier 1979),

In the presnt study, Flacherrie disease increases the GOT activity by about
(11.321%) deviated over control, while it decreases the GPT activity by about
(4.204%) deviated from control.

Irradiation with gamma rays promotes transaminases activation in healthy
silkglands and by increasing the dose the activity increase and consequently protein
jevels. It Is well known that in insects and other animals, transaminases are the key
enzymes in the formation of non-essential amino acids and in the metabolism of
nitrogen (Mordue and Goldworthy 1973). They concluded that changes in
transaminases levels have been correlated with protein metabolism, as concluded in

the present study.
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Flacherrie disease in 10Gy irradiated larvae increases the GOT activity by
about {7.284%) deviated over control, while it decreases the activity of GPT in the
silkgland by about (9.479%) from control.

In 20Gy irradiated samples disease decreases the activities of both GOT and
GPT by about (13.300 and 30.830%, respectively) deviated from control.
Phosphatases enzymes:

Acid and Alkaline Phosphatases are the key enzymes involved in the release
of inorganic phosphorous and may be involved in meeting the increased energy
dermands (Barker and Lioyds 1973) and in DNA synthesis {Moore and Frazier 1976).

The obtained results revealed that, Acid Phosphatase predominates over
Alkaline Phosphatase in the silkglands of healthy larvae. Sridhara and Bhat (1963),
Mahmoud (1988) confirmed this result in the silkgland of B. mori L., while in the
siikgland of Phiosamia ricini Alkaline Phosphatase was more active than Acid
Phosphatase (Sirdhara and Bhat 1963; Zohdy 1565; Mahmoud 1988). Drihlon and
Busnel (1954) concluded that, the Alkaline Phosphatase is located ih cells that are
most active in synthesis of fibrous proteins.

Flacherrie disease decreases the activities of both Alkaline and Acid
Phosphatases in the silkgland by about (59.292 and 84.179%, respectively) deviation
from controls.

Irradiation with gamma rays increases the activities of both phosphatases
enzymes in the silkgland of healthy larvae. According to Wallis and Fox (1968),
Alkaline Phosphatase enzyme may be under genetic control. Since the irradiation
affect the genetic material in the irradiated samples (Abulyazid 1998), the Alkaline
Phosphatase showed an increase in the present study due to irradiation in the
haemolymph and silkgland samples.

Flacherrie disease in 10Gy iradiated silkglands, decreases the activities of
both Alkaline and Acid Phosphatases by about (74.379 and 37.615%, respectively)
deviated from controls.

While, in 20Gy irradiated silkglands it decreases both enzymes by about
(97.448 and 67.963%, respectively) deviated from their controls. Also, Grasserie
disease decreases their activities by about (94.896 and 87.527%, respectively)
deviated from controls.

In the present study, infection with bacteria in haemolymph and silkgland
sampies decreases protein concentration and AcP activity and this trend did not
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change with irradiation. These results disagree with the results obtained by (Mushtag
and Shakoori 1996) who mentioned that, Bacilus thuringiensis did not disturb
bicchemical components analyzed in the adult beetles of Tribolium castaneurm except
AcP and soluble protein.
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Table (1): Diseased and healthy haemolymphal biochemical assay in the irradiated and non-irradiated larval stage of Bormbyx moriL.

: ) Glutamlc-oxaloacetlc ; Glutamlc Pyruwc Afkallne -phosphatase Acnd phosphatase .
Total Protein (g/dL) ~transaminase. - Transaminase - 5 AKP o s cAcP. T
GOT (Unit/ml) GPT (Umt/mu (U/100 mh (U/IOO ml)
o : 1* 0.0, ; -00 . : 10“‘. :
_1Q Gy 20 Gy 106Gy 29 S | G eyl . 20 Gy:::.
12.33 10.3 137.5 108.16 | 163.16 22.8 34.0 43.90 2.64 332.9
- B T N B 7+ + + * * 63 +
0.24 0.21 ’ 21.1 30.8 0.41 0.29 0.58 0.20 12.47
2087 L aero | OB 1173'33 1573 | 327 | 2710 | 450 | 0648 | 3.84 1152’% 80.9 | 9295
o | +0.22 e +0.37 + +0.26 + +0.00 | +0.2 et 68+3 ’
0.19 e +14.4 + 4.8 + hk *x % *E Sk * 2.07 +133
. " . 0.25 0.25 3 4 + 55
31.9 01”
i ) . - - - - § 70.45 . 10.5 - . 29.01
58.76 | 54.57 | 44.12 38.26 80.23 57.51 | 16.9
6 3 1 32.204 | 28.090 | 31.01 | 3.823 9 4 8 03 5 18 96
17é76 24é37 192.5 187.37 295.0 31.0 57.;33 55.;20 0.5_?3 5 837 3.24 38.38 ljg 74;76
+ + + ™y T T4 g 2 + +12.1 S
+0.05 { +0.05 - T oas ok 0.29 0.44 0.11 0.04 — | 01} s + 0.32
g g~ 25.4 0.27 0.29 x * * ;. 0.05 7+ 0 0.28' .
402 | 1366 | 4000 | 73223 | 38002 | 4912 | 6861 | 25.74 | 000 | 1345 | 459 | 8o | 133 | 7754
2 21 3 7 0 2 34
) P 5 0 7 7
P < 0.001 highly significant (***) P < 0.01 Significant (**) P < 0.05 non-significant (*)
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Table (2): Diseased and healthy silk gland biochemical assay in the irradiated and non-irradiated larval stage
of Bormbyx morfl.

233 1 AIZvAINgy

SR Glutamic-oxaloacetic o Glutamlc-Pyruvic - | Alkaline-phosphatase | -
Total Protein (g/dL) | . = transaminase Transaminase .o &0 i AKPT T
S - GOT (Unit/mi) GPT (Unit/ml) - - 4.~ (U100 ml) - 4 -
Gy 106Gy |-20Gy | 0.0Gy | 106Gy | 200Gy | . Gy 10 Gy. | 20 Gy Gy - 106Gy . Gy
S 50.25
" Healthy . 0.376 | 0.506 | 0.741 | 474 | 106.63 | |50 o | 46.46 | 48.53 7 1.017 } 2.295 | 1.68
Ccontrol | A E | £ lro0s| PE | so20| L LE | o2 | A | E | 2E
0.10 | 0.06 | 007 |— 035 | — 119 | 371 | ;3. | 025 | 031 | 0.25
108.9 44.50 34.76 0.04 24.54
740612 | 0338 | 1.360 33 1144 | 113.36 7 43.93 3 0.414 | 0.588 | “;." | 1.566 | 13.4 3
- Hacherrie® | +0.06 + +0.42 +007 | . % + + 10.27 + +0.11 0.00 +0.84 | 8B4+2 +0.46
ey 0.02" ' — 0.29" 1 0.257" | £0.19 | 0.53" | =7 0.03" T e ** 247 | T
' 62é79 33.20 83653 11i32 7.284 | . '300 4 2'0 4l ;79 30.83 | 59.29 | 74.37 | 97.4 | 84.17 | 37.6 | 67.96
2 : : : 0 2 9 48 9 15 3
+0. . .21 025 | 0573 | 0.083 1%26‘8 1173'53 9i'° 42566 43.93 40f2 0.595 | 0.430 o.gs 6.161 32{' 9.555
‘Grasserie | +0.09 | +0.15 | +0.00 oyt + ol + + +3.01 +0.18
N . e | 2031 + 0.312 + 039" | 021 o1r | 0.0z | 200 . + g
8*** 0.33“* * 0.46* - * . . 04*1* 1‘07t
o Pria b ay 13.24 ' - - - i i ) . ) 40.8 )
%o Change | 31.91 88.79 | 5.073 | 10.222 19.77 | 41.49 | 81.26 | 94.8 | 37.75 87.52
nge. 1 25.048 | 8.164 | 9.479 90
B 9 2 5 3 96 5 7
P < 0.001 highly significant (***) P < 0.01 Significant (**) P < 0.05 non-significant (*)
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