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ABSTRACT

The exposure to low-dose gamma radiation from natural sources is a continuing and inescapable feature and it is common
in certain occupations. The present study was designed to investigate the effects of low-dose gamma radiation on some
detoxification enzymes such as; AST, ALT, ACP, ALP, GSH, GPX, SOD and CAT, as well as, its effect on total protein
and DNA content in the soft tissues homogenate of male’s ground beetle Blaps polycresta. Insects were divided into three
groups (group A, B and C) of 10 beetles each. Two groups (group B and C) were irradiated with doses at a rate of 32 Gy
and 64 Gy; group A was considered as the control group. The study revealed a dose-dependent effect on the tested
parameters. Significant increase in the enzyme activity of AST, ALT, ACP and ALP were observed in group B and C
respectively compared to the control group (group A). The findings also showed a significant inhibitions in the enzymatic
activity of GSH, GST, GPX, SOD and CAT in the irradiated groups compared to the control group. Furthermore, their
radiated groups reported a decrease in protein and DNA content compared to the control group. Our observations
suggested that the genotoxic effects of gamma radiation induced damaging effects on enzyme molecules, protein and
nucleic acid (DNA) and may explain the increase in health risk from high doses of ionizing radiation.
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1. INTRODUCTION

lonizing radiation breaks down molecules, causing various effects in irradiated material [1]. For most individuals, this
exposure is exceeded from all man-made sources combined. Both external and internal exposures to gamma radiation
may result from naturally occurring radio nuclides released by industrial activities and many other sources such as oil and
gas extraction, phosphate processing, uranium mining, emissions and building materials. Indoor exposure to gamma rays,
mainly determined by the materials of construction, the highest values result from the wide use of stone or masonry
materials in buildings rather than wood|2].

Insects serve as one of the promising indicators for environmental stress [3] and it is known to have a high resistance due
to the high activity of detoxifying enzymes [4]. The increase or decrease in the activity of certain enzymes can be
explained that the organism is under stress [5]. Enzymatic biomarkers extensively used in the biochemical studies of
environmental impacts [6]. Such enzymes are: SOD that catalyzes the formation of hydrogen peroxide (H202) [7], GSH is
one of the main antioxidant defense mechanisms in the living systems [8], GPx a defense system against the increase of
free radicals and acts in the removal of H202 and lipid hydroperoxides, from the cell [9], GST which is a detoxification
enzyme because it metabolizes a great variety of xenobiotic compounds, catalyzing their conjugation with GSH and
forming substances of low toxicity [10], ACP is usually soluble in the cytosol of midgut cells in many insects and may also
appear in mid gut contents or be found membrane bound in mid gut cells and ALP is a hydrolyzing enzyme responsible for
removing phosphate groups from many types of molecules including nucleotides, proteins and alkaloids [11]. In addition to
AST and ALT are key enzymes in the formation of non-essential amino acids, in metabolism of nitrogen waste and
gluconeogenesis [12].

Irradiation induces a disturbance in biochemical metabolism resulting from inhibition of energy transfer due to the
inhibition of enzymes. Gamma radiation may interrupt energy supplies and block all key enzymes which may stop normal
metabolism [13]. The change in enzyme properties may lead to the conclusion that radiation adversely affects the energy
production and its utilization which in turn induces slower rate of metabolism[14].Proteins provide a chief structural
element of the muscles, glands and other tissues. The balance between protein amino acids and free forms is particularly
important [14]. Also irradiation induced damage to DNA and the damage is a dose-dependent effect [15].

Proteins, nucleic acids, and enzyme molecules are the essential nutritive componentsin the biological system in
insects. Therefore, any disturbance in this component leads to the disturbance in the biological system and adult
performance. The radiation effects on the molecular chemical of the living organism body will provide essential information
of the radiation-induced molecular alteration that will initiate damage to the biological chain [16]. Thus this paper aims to
determine the effect of gamma radiation on some essential enzymes like AST, ALT, ACP, ALP, GSH, GST, GPX, SOD
and CAT, as well as, its effect on total protein and DNA content in the soft tissues homogenate of male’s ground beetle
Blaps polycresta.
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2. MATERIALS AND METHODS

2.1Specimens

Live specimens were collected from the garden of Faculty of Science Moharram Bey, Alexandria University, Alexandria,
Egypt which considered as a non-polluted site [17] in September 2015. After transport to laboratory specimens were
sexed, males were chosen then maintained alive in native soil and plants in glass containers until processing and held
under a day/night and temperature regime that approximated their place of origin.

2.2Radiation treatments (Gamma Radiation)

The irradiation process was performed using Gamma Cs-137, at National Center for Radiation Research and Technology
(NCRRT, Cairo). In this investigation, the dose rate of the Radiation Unit was 0.708 rad/s. males of B. polycresta were
irradiated with two doses 32 and 64 G .

Thirty adult male insects were divided into three groups; namely group A, group B, and group C. Animals of group A (10
insects) were used as control group, didn't receive any treatment with radiation and housed at normal environmental
conditions (the temperature inside the lab varied between 20° to 25° C, lighting condition were natural light from large
windows during the day and complete darkness during the night).Insects of group B (10 insects) were irradiated with a
dose rate 32 Gy and insects of group C (10 insects) were irradiated with a dose rate 64 G y. At the end of the experiment
insects were anesthetized, and dissected. Soft tissues were removed carefully for experimental investigation.

2.3Dissection procedures

Beetles were dissected under dissecting microscope in a drop of Ringer’'s physiological solution on a wax-fixed Petri dish.
A pair of dissecting forceps was used to open the abdominal cavity and then the soft tissues were taken out.

2.4Biochemical studies

Enzyme activities, protein content and nucleic acid content (DNA) were determined in the soft tissues of males Blaps
polycresta. All experiments were carried out in triplicates.

2.5Preparation of tissue homogenate

The specimens were dissected to isolate soft tissues. 100 mg of each tissue was homogenized in 1ml of cold potassium
phosphate buffer solution (50 mM, pH 7.5 containing 1mM of ethylene diamine tetra acetic acid (EDTA). Homogenized
tissues were divided into two parts. One was used to assay total protein and DNA content. The other was centrifuged at
6000 r. p. m for 15 minutes at 4°c. The resulting supernatant was separated to assay the content of GSH and the activities
of AST, ALT, ACP, ALP, GPX, SOD and CAT.

2.6Determination of Aspartate amino-transferase (AST or GOT) and Alanine
aminotransferase (ALT or GPT)

This assay were carried out according to Reitman and Frankel method [18], using a commercially available kit from
Diamond Colorimetric determination of AST& ALT. The oxaloacetate or pyruvate formed was measured in its derivatives
from 2, 4 dinitrophenyl hydrazone at 546 nm. 0.1 ml phosphate buffer/substrate, pH 7.2 was added to 0.02 ml of the
sample and incubated for 30 minutes in AST or ALT at 370C. A 0.1 ml of colour reagent, 2, 4-dinitrophenyl hydrazine was
then added. The incubation was left for 20 minutes at 200C. Finally, 1 ml, 0.4 N sodium hydroxide was then added, mixed
well and kept for 5 minutes at room temperature. The absorbance was measured at 546 using Shimadzu 160 IPC
spectrophotometer. The concentration was measured in pg/100 mg tissue.

2.7 Determination of Acid phosphatase (ACP)

Acid phosphatase assay was determined according to the modified method of Hillmann [19]. Dissolve one tablet in one
vial of buffer Reagent R.1. The stability of working reagent is 2 days at 2-8 °C or 6 hours at room temperature. Mix and
incubate the working reagent tartrate Solution and the Sample (homogenate) for 5 minutes at 30/37 °C. Measure of the
extinction will be increased per minute (for 1-3 minutes). This method is linear up to 150 U/L.

2.8 Determination of Alkaline phosphatase (ALP)

Colorimetric determination of alkaline phosphatase activity was done according to Kind and King [20]. Phenyl phosphate is
hydrolysed in alkaline pH by the action of alkaline phosphatase into phenol and phosphate. The phenol liberated is
measured in the presence of 4-amino antipyrine and potassium ferricyanide. The presence of sodium arsenate in the
reagent stops the enzymatic reaction.

2.9 Determination of reduced glutathione (GSH) content

The method based on the reduction of 5, 5'dithiobis (2-nitrobenzoic acid) (DTNB) with GSH to produce a yellow
compound. The reduced chromogen directly proportional to GSH content and its absorbance can be measured at 412nm
[21].
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2.10Determination of glutathione — S —transferase (GST) activity

GST assay measures total GST activity (cytosolic and microsomal) by measuring the conjugation of 1-choloro-2, 4
dinitrobenzene (CDNB) with GSH. The conjugation is accompanied by an increased in absorbance at 340 nm (A340). The
rate of increase is directly proportional to the GST activity in the sample [22].

2.11Determination of glutathione peroxidase (GPx) activity

In GPx assay, a cell or tissue homogenate is added to a solution containing GSH, GR and NADPH. The enzyme
reaction is initiated by adding the substrate H202 and A340 is recorded. The rate of decreased in A340 is directly
proportional to the GPx activity in the sample [23].

2.12Determination of superoxide dismutase (SOD) activity

This assay relies on the ability of the enzyme to inhibit the phenazine methosulphate (PMS) mediated the reduction of
nitroblue tetrazolium (NBT) dye [24].

2.13Determination of catalase (CAT) activity

Catalase reacts with a known quantity of H202. The reaction is stopped after exactly one minute with catalase inhibitor
[25].

2.14Determination of total protein content

Protein concentration was assessed by using Biosystems kits. The procedure was carried out according to Gornall et
al. [26] using the reagent (Copper (Il) acetate 6 mmol/l, potassium iodide 12 mmol/l, sodium hydroxide 1.15 mmol/l,
detergent). 800 pl of the reagent was pipetted with 30 pl from the sample. In another test tube, 800 pl of the reagent was
pipetted with 8 pl of standard protein. The tubes were then placed in water bath for 20 minutes at 370C. The protein in the
sample reacts with copper Il ion in alkaline medium forming a colored complex that can be measured spectro photometry.
The absorbance of the color was measured at 450 nm using Shimadzu 160 1PC spectrophotometer.

2.15Determination of nucleic acid (DNA) content

DNA were determined according to the method of Barron and Adelman [27], and carried out as follows: 0.5 gm of frozen
insects were homogenized with polytron homogenizer at high speed for 100 second at 0°C in 5 volume of ice-cold distilled
water to 2 ml homogenate, 5 ml of cold (2°C), 95% ethanol was added, blend on ice for 15 minutes and then centrifuged
at 5000 x g for 15 minutes at 40C. The pellet was washed with 5 ml of 70% ethanol, centrifuged and ethanol supernatants
were discarded. 2 ml of cold (2°C) 0.6 N perchloric acid (PCA) were added. Interfering acid-soluble, low molecular weight
compounds (e.g. nucleotides, amino acids) were removed in the supernatant after centrifugation at 5000 x g. RNA was
extracted from the pellet using 2 ml 0.3 N KOH at 37°C for 60 minutes, cooled on ice for 30 minutes and centrifuged at
5000 x g for 15 minutes at 4°C. DNA was extracted from the pellet using 2 ml of hot (80°C) 0.6 per-chloric acid (PCA) for
15 minutes cooled on ice for 15 minutes and centrifuged at 5000 x g for 15 minutes at 4°C. DNA was quantified in the
supernatant by UV absorbance at 268 nm using Shimadzu 160 1PC UV spectrophotometer. Data were expressed as
average quantity of RNA or DNA per whole insect. DNA content was expressed as pg/100 mg tissue.

2.16Data Analysis

Analysis of variance (ANOVA) was calculated according to Snedecor and Cochran [28] to test the present data.

3. RESULTS

In our present study the following observations were obtained from irradiation by 32Gy and 64 Gy doses of gamma rays in
soft tissues of males B. polycresta.

Table 1 and Figures 1, 2 showed the specific activities of aspartate amino-transferase (AST) and alanine amino
transferase (ALT). Multiple comparisons between means (ANOVA test) revealed that the activities of AST and ALT were
higher in group Band Crespectively compared to the control group A. Also acid phosphatase (ACP) and alkaline
phosphatase (ALP) activities was significantly increased in the irradiated groups (B and C)compared to the control group A
(Table 1, Figs. 3, 4).

Our findings revealed that glutathione (GSH) content and Glutathione-S-transferase (GST) activity were decreased
significantly in the irradiated groups (group B and Crespectively), compared to control group (Table 1, Figs. 5, 6). Also the
statistical analysis of mean difference showed that there was a significant decrease in the activity Glutathione peroxidase
(GPx), Superoxide dismutase (SOD) and Catalase (CAT) activity in the affected groups ( B and C respectively) compared to
the control group ( group A)( Table 1, Figs. 7, 8, 9).The activities decreased in group B and more pronounced in group C.

The data cited in Tables 1 and Figures 10, 11 also indicate marked decline in the content of protein and nucleic acid
(DNA). The data displayed significant differences amongst all groups, being highest in group A (control) and lowest in
group B and C respectively.
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Table 1. Activities of enzymes, total protein and nucleic acid content in soft tissues of B.
polycresta in three studied groups according to different doses of gamma

radiation

Group A Group B Group C
Tested parameter (Control) (32 Gy) | (64 Gy) | P

(n=3) (n=3) (n=3)
AST 78.48% +2.72 127.40° + 1.78 170.18° + 3.62 <0.001"
ALT 66.96° + 3.43 104.10° + 3.77 143.33° + 3.34 <0.001"
ACP 18.86% + 1.69 30.47° + 1.57 40.73°+0.72 <0.001"
ALP 182.27% +2.12 263.67° + 4.51 323.0°+5.01 <0.001"
GSH 29.42%+ 1.0 21.39" + 0.67 16.48° + 0.59 <0.001"
GST 12.63%+0.54 9.48" +0.77 6.62° + 0.37 0.001"
GPX 50.34% + 0.68 35.30" +0.58 26.91° + 0.39 <0.001"
SoD 84.98% +1.95 51.28" + 0.093 41.86°+1.55 <0.001"
CAT 70.44% + 1.63 49.88" + 0.75 29.73°+0.94 <0.001"
Total protein 141.97%+1.88 113.76° +1.88 84.96° + 3.59 <0.001"
DNA content 44.09% +1.81 32.97°+1.36 18.47°+1.13 <0.001"

Normally distributed data was expressed in mean =+ SE and was compared using F test (ANOVA)

Different superscripts in the same raw are statistically significant at p <0.05
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4. DISCUSSION

Enzyme activities are liable to be influenced by radiation damageand may increase or decrease depending upon the
doses of gamma radiation[29].Detoxification enzyme in insects is generally demonstrated as the defense mechanism
against foreign compounds and play a significant roles in maintaining their normal physiological functions [30].Also the
central issue in radiobiology is depression and inhibition of protein synthesis[31]and generates reactive oxygen species
(ROS) that interact with cellular molecules, including DNA, lipids, and proteins which may lead to cellular damage [32].
Results of the present study, indicates that exposure of males B. polycrestato gamma irradiation at a dose of 32Gy and 64
Gy lead to biochemical disorders, manifested by elevation of the detoxifying metabolic enzymes AST, ALT, ACP and ALP,
inhibition of the antioxidant enzymes GSH, GST and GPx, as well as, inhibition of total protein and DNA content.

The present results reported an elevation in AST and ALT, this may be comparable with those of the El-Shennaway et al.
[33]who observed the impacts of feeding irradiated full-fat linseeds at dose levels of 2.5, 5, 7.5 and 10 kGy of gamma
radiation to growing male Albino rats. They found that feeding rats with processed seeds modulated the levels of liver
enzymes activities AST and ALT. Also Mohammed [34]elucidated that the exposure of albino rats to gamma irradiation at
single dose (6.5 Gy) caused elevation in transaminases (AST and ALT).

The higher activities of these enzymes (AST and ALT) indicate tissue damage [35, 36].lonizing radiation enhanced lipid
peroxidation in cell membrane which contains fatty acids and excessive production of free radicals; this in turn increases
the cytoplasmic membrane permeability to organic substances and causes leakage of cytosolic enzymes such as AST,
ALT [37]. The transaminase enzymes (ALT and AST) serve as a link between the carbohydrate and protein metabolism
and are known to be altered during various physiological and pathological conditions [38, 39]. The increase in
transaminases was the clear indication of cellular leakage and loss of functional integrity of the cell membrane [40].ALT is
a transaminase enzyme that is found in the liver in vertebrates and fat bodies in insects [41]. Elevation of ALT activity
often suggest the existence of a physiological challenge in body such as microorganism infections, tissue damage, or toxic
material [42].

The enhanced in the activity of Acid (ACP) and alkaline (ALP) phosphatases with the enhancement of gamma dose in the
present study indicating changes of the physiological balance in the midgut. These hydrolytic enzymesare found in the
intestinal epithelium of animals and the midgut has the highest ALP and ACP activity as compared to other tissues
[43].They are responsible for cytolysis of tissues during the insect development [44] and may act as hydrolases during the
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final stages of digestion [45] or in gonad maturation and metamorphic moults [46].Theyalso remove phosphate groups
from many types of molecules, including nucleotides, proteins, and alkaloids in alkaline and acidic conditions, respectively
in the dephosphorylation process [47]. Increasing activities of these phosphatases denoted an increasing capability of the
insect to detoxify the tested materials[48]. Our results may be comparable with those of Mohammed [34] who reported that
the exposure of albino rats to gamma irradiation at single dose (6.5 Gy) caused elevation in alkaline phosphatase (ALP).

On the other hand the present results indicated a significant decrease in GSH content, GST and GTx. The higher the dose
of gamma irradiation, the higher the rate of enzyme inhibition. The decrease in GSH content is an adaptive response to
the increase in LPO level, indicating severe oxidative stress [49]. Furthermore, the reduction of GSH content may be due
to their consumption in the scavenging free radicals [50]. Also GST in insects represents an important line of defense
against free radicals [51]. The decrease of the activity of GPx indicates its reduction capacity to scavenge H202 and
LOOHSs [52].This may be due to either the result of O2 production [53].

There is a close relation between GSH content in the organisms and the activity of some enzymes, such as GST activity
and GPx. The changes of these enzyme activities make GSH content keep a dynamic balance in organisms [52].
Consequently, the decrease in GSH content leads to reduction in GST and GPx activities. The significant depletion in
glutathione after radiation exposure might be resulted from diffusion through impaired cellular membranes and/or inhibition
of GSH synthesis. Also this depletion may be due to diminished activity of glutathione reductase and the deficiency of
NADPH which is necessary to change oxidized glutathione to its reduced form [54, 55]. Our data confirms the previous
reports of Osman [56], EI-Ghazaly and Ramadan [57], Ramadan et al. [58] and Mohammed [34]. The resultant reduction
in GSH level may increase the susceptibility of the tissue to oxidative damage including lipid peroxidation [59].

Interaction of radiation with biological molecules produced toxic free radicals leading to structural and functional damage
to cellular membranes. Thus a dramatic in the antioxidant enzymes leading to membrane lipid peroxidation and loss of
protein thiols [60]

Our results revealed an inhibition in superoxide dismutase (SOD) and catalase (CAT) due to irradiation with the tested
doses.In accordance with the present results Sachdev et al. [61] reported that SOD and CAT transcript were
downregulated in the lepidopteran insect Helicoverpa armigera due to irradiation with gamma dose of 100 Gy. This is also
consistent with previous reports byHeck et al.[62] and Polte and Tyrrell [63], showing that high doses of irradiation
suppress the activity of protective enzymes, such as SOD in normal cells. Zhang et al. [64] stated that 60Co-y irradiation
resulted in decreased activities of SOD and CAT in the citrus red mite Panonychus citri after prolonged recovery time,
accompanied by impaired antioxidant capacity and high levels of oxidative stress. Wilczek et al. [65] concluded that the
decreased activity of SOD might be due to the consumption of this enzyme in converting the O2™ to H202. Thus the
increased H202 levels inhibited SOD activity resulting from the increase in O2" in response to radiation.

Previous studies showed that CAT can protect against oxidative stress and extend the lifespan of insects [66, 67]. Felton
and Summers [68] estimated that there is a certain relationship between CAT and SOD as SOD can convert the free 02~
to H202, which is then eliminated by CAT. Barbehenn et al. [69] indicated that O2™ can inhibit CAT activity and the
increased H202 resulting from CAT inhibition could lead finally to inhibit SOD activity. It could be concluded that the
decline in the CAT activity may be due to reducing the conversion of 02~ toH202

The present study investigated depletion in total content of proteins. The influence of irradiation on protein contents was
more pronounced by increasing the irradiation dose. Increasing the dose was accompanied by an increase in the rate of
reduction of protein contents. In this respect, Desrosier [70] stated that ionizing radiation induced denaturation in protein.
Our results agreed with the findings of Abdel Megeed et al. [71], Ibrahim et al.[72], Abdel Baky et al. [73], Abdel-Bakiet al.
[74], EI-Bermawy et al. [75] and Al khalaf and Abdel Baki [76]. Gabarty [16] recorded a significant decrease in the total
content of hemolymph proteins in the pupae of Agrotis ipsilon after irradiated with 100 Gy gamma rays. Also Gabarty et
al.[77] observed a reduction in the total protein tissue content in the 6th instar larvae of Spodoptera littolaris due to the
effect of gamma irradiation (50, 100 and 150 Gy) on male pupae. Kempner [78] explained the decrease in proteins level
due to gamma-irradiation can damage or inactivate proteins by two different mechanisms. First, it can rupture the covalent
bonds in target protein molecules as a direct result of a photon depositing energy into the molecule and second, by acting
indirectly with a water molecule, producing free radicals and other non-radical reactive oxygen species that are in turn
responsible for most (99.9%) of the protein damage. Also the decrease of protein amount after irradiation may be due to
its lysis by gamma radiation or it may be due to the depression of enzymes involved in the activation of amino acids
and transfer ring to tRNA [79].

Proteins play a major role in the synthesis of detoxifying enzymes and help to detoxify the entered toxicants [80].
Consequently, the decrease in total protein content may reflect the decrease in the activities of some enzymes [81] this
confirms our results of the inhibition in activity of the GST, GPx, SOD and CAT. Moreover, the decrease in protein content
could be due to the breakdown of protein into amino acids and entrance of these amino acids to Krebs cycle as keto acid
to supply energy for the insect [82].

The present study showed declines in DNA content in males of B. polycresta. The decline increases with increasing the
dose, being higher at 64 Gy gamma rays. Sudprasert et al. [15] observed that low doses of gamma radiation (5¢Gy and
10cGy) induced DNAdamage in human blood cells. Cell killing by irradiation is caused by misrepaired DNA double strand
breakage. Much of the damage to DNA induced by ionizing radiation is considered to be caused by the hydroxyl radicals
produced by the radiolysis of water in cell [83]. Gaur and Bhatia [79] stated thatthe decrease in DNA content after
irradiation is due to an inhibition of replication in nucleus and accumulation of ribonucleotide in the cytoplasm, which is
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based on the inability of irradiated cell to reduce ribonucleotide to DNA in the nucleus.Also the prolonged interphase or
delayed onset of DNA synthesis after irradiation could lead to decreased content of DNA [79]).

Lower concentration of the mutagenic agent could be attributed to the increased rate of metabolism and higher secretion
of enzyme. On the contrary, the lower enzyme activity could be attributed to higher concentration of the mutagenic agent
when induced directly, alters the genetic structure to a high degree resulting in deleterious effect on the enzyme
activity[84].Finally, enzymes, proteins and nucleic acid (DNA) are known to be susceptible to radiation damage. The
activity of enzyme may increase or decrease, depending upon the type of enzyme, exposure to mutagens and length of
time elapsed between treatment and assay [85].

Consequently, the biochemical criteria of damage are the loss of the enzyme to perform its function. Several radiation-
induced reactions that are reversible at low doses due to Repair Processes that occur.

5. CONCLUTION

Gamma radiation has significantly affected the enzymes activity, total protein content and DNA content in the soft tissues
of males B. polycresta which may induce biochemical perturbations and lead to disturbance in the biology ofthe ground
beetle. Finally B. polycresta may be a used as a model in assessing risk of exposures to gamma radiation.
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