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Abstract 

Biochemical Study on the effect of some antioxidants on apoptosis in 

irradiated male rats. 

Male albino rats were whole body subjected to 2Gy every other day up to a total dose of 
8Gy. Animals sacrificed on the 8th day after irradiation showed significant decreases in 
testis/body weight ratio. Biochemical analysis in testicular tissues showed significant decreases 
in SOD and CAT activities, concomitant with significant increase in XO activity and TBARS 
contents. Radiation exposure induced also significant increases in testicular DNA fragmentation, 
significant increases in mitochondrial NO and Ca+2 contents associated with significant decrease 
in nuclear GSH content. Testicular LDL-C content showed a significant increase which was 
much higher than its increase in serum, the content of HDL-C increased significantly, contrarily 
to serum where a significant decrease was recorded. Histological examination through electron 
microscope revealed apoptosis in testicular tissue. 

Either allopurinol (50 mg/kg body weight supplied via intra peritoneal injection) or 
Hesperidine (200 mg/kg body weight supplied orally by gastric intubation) or allopurinol + 
hesperidine supplied to rats during 7 consecutive days before irradiation or during 7 consecutive 
days after irradiation resulted in significant decrease of apoptosis associated with significant 
amelioration in the disequilibrium between antioxidants and oxidants. All treatments have 
improved the biochemical alteration in testicular tissues as well as mitochondrial and nuclear 
changes. However, the improvement was significantly higher when allopurinol, or hesperidine or 
allopurinol + hesperidine were administered pre-irradiation than post-irradiation. According to 
the results obtained in the current study, it could be concluded that antioxidants supplementation 
would protect testicular tissues from apoptosis.  
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Potassium dibasic hydrogen phosphate El-Nasr pharmaceutical chemical co., Egypt. 
Potassium dihydrogen phosphate El-Nasr pharmaceutical chemical co., Egypt. 
Potassium sodium tartrate El-Nasr pharmaceutical chemical co., Egypt. 
Pyridine El-Nasr pharmaceutical chemical co., Egypt. 
Pyrogallol Fluka, Switzerland. 
Sodium azide Sigma-Aldrich, USA. 
Sodium carbonate El-Nasr pharmaceutical chemical co., Egypt. 
Sodium chloride El-Nasr pharmaceutical chemical co., Egypt. 
Sodium citrate El-Nasr pharmaceutical chemical co., Egypt. 
Sodium dibasic hydrogen phosphate El-Nasr pharmaceutical chemical co., Egypt. 
Sodium dihydrogen phosphate El-Nasr pharmaceutical chemical co., Egypt. 
Sodium dodecyle sulfate Sigma-Aldrich, USA. 
Sodium hydroxide El-Nasr pharmaceutical chemical co., Egypt. 
Sodium nitrite El-Nasr pharmaceutical chemical co., Egypt. 
Standard superoxide dismutase Sigma-Aldrich, USA. 
Sulfanilamide(p-Aminobenzenesulfon- Fluka, Switzerland. 
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amide) 
Thiobarbituric acid Fluka, Switzerland. 
Trichloroacetic acid El-Nasr pharmaceutical chemical co., Egypt. 
Tris-HCL El-Nasr pharmaceutical chemical co., Egypt. 
Xanthine Sigma-Aldrich, USA. 
Zinc sulfate El-Nasr pharmaceutical chemical co., Egypt. 

 

 Kits Source 
HDL-Cholesterol RAM, Egypt. 
LDL-Cholesterol RAM, Egypt. 
Total Cholesterol RAM, Egypt. 
Triacylglycerols RAM, Egypt. 

 

Instruments Source 
Atomic absorption In NCRRT, EAEA, Egypt. 
Centrifuge PLC-05, Taiwan. 
Cooling centrifuge Hettich, Germany. 
pH meter JENWAY3310, UK. 
Shaker THYS2, GDR. 
Transmission Electron Microscope In NCRRT, EAEA, Egypt. 
UV-Spectrophotometer Hieos, England 
Vortex VM-300, USA. 
Water bath YCW-04M, USA. 

 



1-Introduction 

 

 
1 

1. INTRODUCTION 

 Since the creation of life during proceeding centuries, all bio-systems are exposed each 
day to some amount of radiation and 81% of the dose received comes from natural sources: 
55% from radon; 8% from cosmic radiation; 8% from rocks and soil; and 10% from internal 

exposures to radiation from the radioactive materials in food and water consumed in the daily 
diet. The remaining 19% of the daily dose may originate from man-made sources: medical x ray 
exposure (11%), nuclear medicinal exposure (4%), consumer products (3%), and other sources 
(<1%). This last category includes occupational sources, nuclear fallout, the nuclear fuel cycle 
radioactive waste, hospital radioactive waste, radioactively contaminated sites, and other 
miscellaneous sources (NCRP 1987). 

Ionizing radiation represents both a carcinogenic agent for healthy tissues and a 
therapeutic tool against solid tumours. The effects of prolonged exposure of normal tissues to 
low doses of high energy radiation are still not known at the molecular and clinical level. 
Understanding their molecular effects will aid not only in developing more tailored therapeutic 
strategies, but also in assessing the oncogenic potential of galactic cosmic rays and in 
implementing radio-protective measures, essential prerequisite for the long-time permanence of 
men in space (Cucinotta & Durante, 2006) 

1.1. General Concept on Radiation 

Radiation affects people by depositing energy in body tissues. The extent of the damage 
depends upon the total amount of energy absorbed, the time period and dose rate of exposure. In 
other words, the type of effects and their probability of occurrence depend on whether the 
exposure occurs over a large part of a person's lifespan (chronic) or during a very short portion 
of the lifespan (acute) (Yarmonenko, 1988).  

Chronic exposure is continuous or intermittent exposure to low levels of radiation over 
a long period of time. Chronic exposure produces genetic effects, pre cancerous lesions, benign 
tumors, cataracts, skin changes, and cancer (Yarmonenko, 1988).  

Acute exposure results from exposure to a large single dose of radiation, or series of 
doses, for short period of time. Large acute doses can result from accidental or emergency 
exposures or from special medical procedures (radiation therapy). In most cases, a large acute 
exposure to radiation can cause both immediate and delayed effects. For humans and other 
mammals, acute exposure, if large enough, can cause rapid development of radiation sickness, 
evidenced by gastrointestinal disorders, bacterial infections, hemorrhage, anemia, loss of body 
fluids, and electrolyte imbalance. Delayed biological effects can include cataracts, temporary 
sterility, cancer, and genetic effects. Extremely high levels of acute radiation exposure can 
result in death within few hours, days or weeks (Yarmonenko, 1988). 

1.1.1. Types of Radiation 

 Radiation is the emission or transfer of radiant energy in the form of waves or particles. 
Radiation is a form of energy. There are two basic types of radiation, non-ionizing and ionizing 
radiation. The difference between these two types is the amounts of energy they have. 
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1.1.1.1. Non-ionizing radiation  

 Non-ionizing radiation doesn't result in structural changes of atoms (it doesn't cause 
ionization). Examples of non-ionizing radiation include: microwaves, visible light, radio waves, 
TV waves, and ultra violet waves light (Ng, 2003). Non-ionizing radiation does not have 
enough energy to cause ionization but disperses energy through heat and increased molecular 
movement (Prasad, 1984 and Hall, 2000). 

1.1.1.2. Ionizing radiation  

 Ionizing radiation is a radiation emitted by radionuclides, which are elements in an 
unstable form. It can cause structural changes by removing electrons from atoms and leaving 
behind a charged atom (ion). Ionizing radiation is high-energy radiation that has the ability to 
break chemical bonds, cause ionization and produce free radicals that can result in biological 
damage. 

 Ionizing radiation consiste of both particles and electromagnetic radiation. The particles 
are further classified as electrons, protons, neutrons, beta and alpha particles depending on their 
atomic characteristics. The most common electromagnetic radiation with enough energy to 
produce ions, break chemical bonds and alter biological function is x-rays and gamma rays. 
Exposure to such radiation can cause cellular changes such as mutations, chromosome 
aberration and cellular damage (Morgan, 2003). 

 Alpha particle consists of two neutrons and two protons ejected from the nucleus of an 
atom. The alpha particle is identical to the nucleus of a helium atom. Alpha particles are easily 
shielded against it, and can be stopped by a single sheet of paper. Since alpha particles can't 
penetrate the dead layer of the skin, they don't present a hazard from exposure external to the 
body. However, due to the very large number of ionizations, they produce in a very short 
distance; alpha emitters can present a serious hazard when they are proximity to cells and 
tissues such as the lung. Special precautions are taken to ensure that alpha emitters are not 
inhaled, injected or ingested (N.R.C. 1990). 

 Beta particle is an electron emitted from the nucleus of a radioactive atom. Examples of 
beta emitters commonly used in biological research are: hydrogen-3 (tritium). Beta particles are 
much less massive and less charged than alpha particles and interact less intensely with atoms in 
the materials they pass through which gives them a longer range than alpha particles. All beta 
emitters, depending on the amount present, can pose a hazard if inhaled, ingested or absorbed 
into the body. In addition, energetic beta emitters are capable of presenting an external radiation 
hazard, especially to the skin. Beta particles travel appreciable distances in air, but can be 
reduced or stopped by a layer of clothing, thin sheet of plastic or a thin sheet of aluminium foil 
(Cember, 1996). 

 Gamma ray is (packet of photons) electromagnetic radiation emitted from the nucleus 
during radioactive decay and occasionally accompanying the emission of an alpha or beta 
particle. Gamma rays are identical in nature to other electromagnetic radiations such as light or 
microwaves but are of much higher energy. Examples of gamma emitters are Cobalt-60, Zinc-
65, Cesium-137 and Radium-226. 
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 Like all forms of electromagnetic radiation, gamma rays have no mass or charge and 
interact less intensively with matter than ionizing particles. Because gamma radiation losses 
energy slowly, gamma rays are able to travel significant distances. Depending upon their initial 
energy, gamma rays can far travel tens or hundreds of feet in air. Gamma radiation is typically 
shielded using very dense materials (the denser the material, the more chance that gamma ray 
will interact with atoms in the material). Several feet of concrete or a thin sheet of a few inches 
of lead may be required to stop the more energetic gamma rays (Turner, 1995). 

 X-ray is also (a packet of photons) electromagnetic radiation emitted from an atom, 
except that the x-ray is not emitted from the nucleus as in gamma ray. X-ray is produced as the 
result of changes in the positions of the electrons orbiting the nucleus, as the electrons shift to 
different energy levels. Examples of x-ray emitting radio-isotopes are iodine-125 and iodine-
131. A thin layer of lead can stop medicinal X-rays (William, 1994). 

1.1.2. Interaction of Ionizing Radiation with Matter 

Ionizing radiation (IR) generates reactive oxygen species (ROS) such as superoxide 
anions, hydrogen peroxide, and hydroxyl radicals, which show high reactivity to a variety of 
cellular macromolecules (Stankovic & Horvat, 2008). Radiation interacts with matter by direct 
and indirect processes. Both processes lead to molecular damage, which is then translated to 
biochemical damage (Bushong, 2001). 

1.1.2.1. Direct Interaction 

A cell's macromolecule (protein or DNA) is hit by ionizing radiation, which affects the 
cell as a whole, either killing the cell or mutating the DNA (Nais, 1998). There are many target 
and cell survival studies that show that it is harder to permanently destroy or break double-
stranded DNA than single-stranded DNA (Dowd & Tilson, 1999). 

1.1.2.2. Indirect Interaction 

In biological systems, water is the most abundant molecule and radiation induced 
splitting of the water molecule (radiolysis) is a primary event in the initiation of biological 
damage (Turner, 1995). The radiolytic products of water are highly reactive and more 
damaging to biomolecules. Moreover, the indirect effect does not have to be mediated via water 
molecules only, but the radiolytic products of one organic molecule may react with another 
organic molecule to induce their damaging. It should be notated that, in most mammalian 
tissues, water constitutes ~ 80 % of the fresh weight. Therefore, the indirect effect of radiation 
may be due to the presence of water (Dertinger & Jung, 1970). 

 Indirect interaction occurs when radiation energy is deposited in the cell and the 
radiation interacts with cellular water rather than with macromolecules within the cell. The 
reaction that occurs is hydrolysis of water molecules, resulting in a hydrogen molecule and 
hydroxyl free radical molecule (OH־) (Dowd & Tilson, 1999). 

If the 2 OH־ recombine, they form hydrogen peroxide (H2O2), which is highly unstable 
in the cell. This will form a peroxide hydroxyl, which readily combines with some organic 
compound, which then combines in the cell to form an organic hydrogen peroxide molecule, 
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which is stable. This may result in the loss of an essential enzyme in the cell, which could lead 
to cell death or a future mutation of the cell (Dowd & Tilson, 1999).  

                 H2O (molecule) + ionizing radiation              H2O
+  + e-  

                                                                             H+   +   OH.         e- + H2O            H2O -    

                                                                                                                       H.    +   OH-  
Recombination of: 

                  H+ + H+                     H2 = hydrogen gas (not a problem)  

                  H+ + OH־                  H2O = water (not a problem) 

 Antioxidants can recombine with the OH־ and block hydrogen peroxide formation. If 
not, then the 2 hydroxyl ions could do the following: 

             OH־ + OH־               H2O2  

             H2O2                 H
+ + HO2

 (unstable peroxide)    ־

             HO2
 organic molecule                  unstable organic peroxide + ־

 Unstable organic peroxide              Lack of essential enzyme               Eventual cell death is 
possible (Dowd & Tilson, 1999).  

 The direct and indirect effects of radiation occur together in all systems. In general, the 
more the dilute system, the more the radiation damage is attributable to the indirect effect. In a 
completely dry system, a relatively minor indirect effect is observed due to the radiolytic 
products from one biomolecule reacting with another (Dertinger & Jung, 1970).  

 Normally hydrated cells are 2 to 4 times as radiosensitive as dry cells, therefore the 
indirect effect due to water may be several times greater than the direct one (Ward, 1990 and 
Walden & Farzaneh, 1990). 

1.1.3. Biological Effects of Radiation  

 Radiation ionizes cellular atoms and molecules; if immediate recombination does not 
occur, these can manifest as some type of molecular, cellular, or organic system alteration. An 
ionizing event can cause a variety of scenarios: (1) no damage if the ionized molecule reforms 
immediately; (2) repairable damage that causes no clinical effects if repaired; (3) repairable 

damage to DNA, which can be tumorigenic or carcinogenic if not repaired prior to cell division; 
(4) irreparable small-scale damage which causes cell death to a small population of cells that is 
insignificant and produces no clinical effects; and (5) irreparable large-scale damage that kills 
enough cells within an organ system to produce deterministic threshold effects such as cataracts 
and acute radiation syndrome. 
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Biological effects are classified as deterministic (or certainty effects) and stochastic 
effects. Both deterministic and stochastic effects may either result in changes in organs (somatic 
effects) or in the genes (genetic effects). 

Deterministic or certainty effects are directly related to a known dose of radiation and 
have a dose threshold and their severity is also dose related.  

Stochastic effects are random events which are not dose related but their probability 
increases with an increase in the radiation dose. Carcinogenesis and genetic mutations are 
stochastic effects. All stochastic effects are late but not all late effects are stochastic. The 
probability of their occurrence increases with increase in the absorbed dose but not their 
severity. The effects of shortening of life span and induction of malignancies are considered 
somatic stochastic effects. 

The biological changes in cells, tissues, and organs do not appear immediately. They 
occur only after a period of time (latent period), ranging from hours, (e.g., after accidental 
overexposures to the total body, resulting in failure of organ system and death), to as long as 
years, (e.g., in the case of radiation-induced cancer) or even generations, (such as is the case if 
the damage occurs in a germ cell leading to heritable changes). The length of the latency period 
depends on factors related to the radiation, basically the dose as well as to biological 
characteristics of the cells irradiated and most importantly their rate of division and the 
frequency of their rate of division (Travis, 1997). 

Radio-sensitivity is the relative susceptibility of cells, tissues, organs, organisms, or 
other substances to the injurious action of radiation. In general, it has been found that cell radio-
sensitivity is directly proportional to the rate of cell division and inversely proportional to the 
degree of cell differentiation. This means that actively dividing cells or those not fully mature is 
most at risk from radiation. The most radiosensitive cells are those which have a high division 
rate, have a high metabolic rate, are of a non-specialized type and are well nourished. Lymphoid 
organs, bone marrow, blood, testes, ovaries, intestines have been reported as high 
radiosensitive, while muscles, brain, spinal cord were defined as low radiosensitive (Rubin & 
Casarett, 1968). 

The central nervous system (CNS) has been described as relatively resistant to radiation 
induced changes. When the human brain is treated with standard fractionation (1.8 to 2.0 Gy/d), 
acute reactions are seldom observed. Subacute CNS reactions to radiation treatment are more 
common. Mild encephalopathy and focal neurologic changes can occur after irradiation limited 
to the cranium. The effect of cranial irradiation is believed to be secondary to radiation effects 
on the replicating oligodendrocytes and possibly on the micro-vasculature. Post-irradiation 
pathology and associated clinical symptoms typically begin 6 to 36 months after radiation 
therapy. There effects are clearly related to the total dose and volume treated. It has been 
reported that gamma-radiation can induce cell death in fetal rat brain (Borovitskaya et al., 
1996). Moreover, whole-brain irradiation induced gene expression changes in rodent 
hippocampus involving pathways important for learning, memory and apoptosis (Achanta et 
al., 2007). 

Skin reaction can be seen within 2 weeks of fractionated radiotherapy, a delay that 
correlates with the time required for cells to move from the basal to the keratinized layer of 
skin. Erythema is observed soon followed by dry desquamation (Cho & Glatstein, 1998). A 
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chronic reaction to radiation can be seen starting 6 to 12 months after irradiation. The epidermis 
is usually atrophic and it may be more easily injured than normal skin. The amount of 
interstitial fibrosis may also be increased. Hyperpigmentation of irradiated skin outlining the 
treatment field can be seen within a couple of months after completion of irradiation. The skin 
becomes thin and hair loss may be permanent (Cho & Glatstein, 1998). 

Cardiac changes may have their onset from 6 months to several years after irradiation. 
The clinical symptoms may indicate chronic constrictive disease due to pericardial, myocardial 
and endocardial fibrosis. The symptoms may include chest pain and fever, with or without 
pericardial effusion. Most patients with symptomatic radiation-induced constrictive pericarditis 
have received more than 40 Gy to a large portion of the heart. The risk increases significantly 
with cardiac doses greater than 50 Gy. (Cho & Glatstein, 1998).  

Lungs are sensitive to radiation. The clinical signs and symptoms of radiation 
pneumonitis may appear within 3 to 6 weeks if a large region of lung is irradiated to a dose 
above 25 Gy. An infiltrate outlining the treatment field may become evident on the chest x-ray. 
Permanent scarring that result in respiratory compromise may develop if the dose and the 
volume of lung irradiated are excessive. It has been established that at 8.2 Gy, there is a 5% 
incidence of lethal radiation induced pneumonitis which increases to 80% at 11 Gray (Rubin et 
al., 1998). 

The mucosa of the gastrointestinal tract is a rapid renewal system, with dramatic 
mucosal changes appearing within 7 to 14 days (Rubin et al., 1998). Clinical manifestations of 
acute radiation enteropathy are nausea and vomiting, diarrhea and cramping pain. Relevant 
factors contributing to the pathogenesis of diarrhea include malabsorption and alterations in the 
intestinal bacterial flora. The severity of symptoms, as in other anatomic areas, is proportional 
to the irradiated volume and the total dose. The symptoms of chronic radiation enteropathy 
include diarrhea, abdominal cramping, nausea, malabsorption, vomiting and obstruction. 
Progressive fibrosis, perforation, fistula formation and stenosis of the irradiated portion of the 
bowel can also occur during the chronic phase of radiation enteropathy. Most clinical 
manifestations of chronic changes occur between 6 months and 5 years after radiation therapy 
(Cho & Glatstein, 1998). 

Haemopoeitic system are considered radiosensitive and fractionated radiation to a 
localised area of the marrow leads to a unique lesion of adipose tissue replacing the marrow, 
instead of fibrotic tissue as occurs in other organs. This change is recorded at a threshold dose 
greater than 50 Gy (Rubin et al., 1998). The incidence of leukemia in the survivors of the 
atomic bomb was 3 to 5 times higher than the expected incidence in the unexposed population. 
Two types of adult leukemias are associated with radiation exposure. These are acute and 
chronic myeloid leukemias. Radiation exposure during childhood results in an increased 
incidence of acute lymphatic leukemia. The latency period of leukemia is a minimum of 2 
years, peaks at 7-12 yrs and returns to zero at about 30 years (Sinclair, 1995). 

The eye is affected by radiation and cataract has been recorded at 2-8 Gray of single 
exposure (Rubin et al., 1998). 

Radiation injury to the bladder generally becomes symptomatic 3 to 6 weeks after the 
start of treatment and symptoms usually subside 3 to 4 weeks after completion of radiation 
therapy. Cystoscopy often shows diffuse mucosal changes similar to those of acute cystitis. The 
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late effects of high radiation doses to the bladder may include interstitial fibrosis, telangiectasia 
and ulceration. A contracted bladder may result from doses in excess of 60 Gy (Cho & 
Glatstein, 1998). 

 The testes are made up of loops of convoluted seminefrous tubules, in the walls of 
which the spermatozoa are formed from the primitive germ cells. Both ends of the loop drain 
into a network of ducts in the head of the epididymis. From there, spermatozoa pass through the 
tail of the epididymis into the vas deferens (Figure 1) (Gyton & Hall, 2000 and Ganong, 
2003). In general, type B spermatogonia are exquisitely sensitive to the effects of radiation. The 
type A spermatogonia are thought to be more resistant because their longer cell cycle time 
allows considerable variation in radiosensitivity among different phases of the cell cycle. Sertoli 
cells and Leydig cells are less radiosensitive than the spermatogonia. The single dose required 
for permanent sterilization on normal human males is not clearly established but it is believed to 
be between 6 and 10 Gy (Cho & Glatstein, 1998). Low dose fractionated irradiation leads to 
decrease in sperm count. Regeneration of spermatogonia usually does not begin until 2 to 8 
weeks after the injury (Rubin et al., 1998). It has been shown that ionizing radiation can impair 
spermatogenesis and can cause mutations in germ cells.  

The radiation dose necessary to induce ovarian failure is age dependent. A single dose 
of 3 to 4 Gy can induce amenorrhea in almost all women over 40 years of age. In young 
women, oogenesis is much less sensitive to radiation than spermatogenesis is in men (Cho & 
Glatstein, 1998). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (1). Testis, epididymis and ducts deferens (adopted from Ganong, 2003). 
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Radiation has been reported to induce cancer in the skin, lung, bone, blood dyscrasias, 
meningiomas, breast cancer, and thyroid carcinoma (Travis, 1997). 

1.2. Oxidative Stress  

Oxidative stress results when production of reactive oxidative species (ROS) exceeds 
the capacity of cellular antioxidant defenses to remove these toxic species (Kopani et al., 2006 
and Pacheco & Gonsebatt, 2009). Epidemiological and clinical studies have linked 
environmental factors such as diet, exposure to ionizing radiation, metals, pesticides, organic 
toxic persistent compounds, air particles, and certain pharmacological drugs to cancer, diabetes, 
atherosclerosis, and neurodegenerative disorders. All of these conditions, as well as the aging 
process, are associated with oxidative stress due to elevation of ROS or insufficient ROS 
detoxification.  

1.2.1. Reactive Oxygen Species (ROS) 

Reactive oxygen species are highly reactive compounds that include a variety of non-
radicals molecules such as; peroxynitrite (ONOO¯ ), hypochloric acid (HOCl¯ ), hydrogen 
peroxide (H2O2), singlet Oxygen 1∆g (¯1O2), ozone (O3), and peroxide (ROOH) and free 
radicals; chemical species with one unpaired electron, such as hydrogen (•H), hydroxyl (•OH), 
superoxide (O2

•¯ ), nitric oxide (NO•), thyl (RS•), peroxyl (ROO•), and alkoxyl (RO•) derived 
from molecular oxygen (Figure 2) (Gutteridge, 1995 and Turrens, 2003).  

ROS are formed during aerobic metabolism and in the environment (Pacheco & 
Gonsebatt, 2009). They are formed in mitochondria as oxygen is reduced along the electron 
transport chain. Peroxisomes, which are organelles responsible for degrading fatty acids and 
other molecules, produce H2O2 as by-product. Furthermore, phagocytic cells destroy infected 
cells with an oxidative burst of NO•, O2

•¯ , H2O2, and HOCl¯  (Ames et al., 1993). 

 ROS are also formed by the xanthine oxidoreductase (XOR) system through the 
conversion of xanthine dehydrogenase (XDH) into xanthine oxidase (XO) (Srivastava et al. 
2002). The XOR system consists of two inter-convertible forms, xanthine oxidase (XO) and 
xanthine dehydrogenase (XDH), the later account about 90% of the total activity of XOR and 
has no role in the initiation or potentiation of oxidative damage in the cells. However, in many 
pathological conditions, XDH is converted to XO. Xanthine oxidase catalyzes the oxidation 
of hypoxanthine/Xanthine to uric acid and generates superoxide anions (O2

•–).  

Cells exposed to abnormal environments such as hypoxia or hyperoxia, heavy metals 
(such as mercury, cadmium, and lead), radiation exposure, cigarette smoke (both active and 
passive), alcohol, unsaturated fat and other chemicals and compounds from food, water and air 
generate abundant and often damaging ROS. In addition, a number of drugs have oxidizing 
effects on cells and lead to production of oxygen radicals (Ames et al., 1993). 
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Figure (2). Main reactive oxygen species RH-organic molecule (Adopted from Bartosz, 2008) 

1.2.2. Toxic Effects of ROS 

By definition, radicals possess an unpaired electron, which makes them highly reactive 
and thereby able to damage all macromolecules, including lipids, proteins and nucleic acids 
(Halliwell & Gutteridge, 2004). 

Superoxide radical ion, the main ROS produced in vivo has both reducing and oxidizing 
properties, reacting predominantly with metal ions and iron–sulfur clusters. Superoxide anion 
can be converted spontaneously or enzymatically into hydrogen peroxide (H2O2). Hydrogen 
peroxide is a weak oxidant attacking mainly thiols. Reaction of hydrogen peroxide with Cl-, 
catalyzed by myeloperoxidase, produces hypochlorite, an oxidant and chlorinating compound. 
Furthermore, H2O2 may be converted by Haber-Weiss/Fenton reaction into highly reactive 
hydroxyl radicals (OH•), the most reactive species occurring in vivo (Bartosz, 2008). 
Superoxide anion can also interact with nitric oxide (NO) to form ONOO- (peroxynitrite) 
(reaction 1), which mediates cell injury and various inflammatory disorders as a result of 
oxidation and nitration of biological molecules. In addition, nitro NO•

2 and •OH formed from 
the reduction of peroxynitrite (reactions 2 and 3) may be involved in the detrimental effect. 
Reaction 3 is a favored thermodynamically over reaction 2 (Srivastava & Kale, 1999) 

O2
• - + NO                    ONOO-                                 (1) 

ONOO-     Reduction        NO2
- + •OH                                          (2) 

ONOO-          Reduction      -OH + NO•
2                            (3) 
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Nitric oxide (NO) is a gaseous, inorganic, free radical, molecular species; produced in 
biological systems, it regulates a diverse array of physiological functions and acts as intra and 
extra-cellular messenger in most mammalian organs (Alam et al., 2002). 

Many types of cells, such as leukocytes, hepatocytes, vascular smooth muscle cells and 
endothelial cells, can produce NO during enzymatic conversion of L-arginine to L-citrulline by 
a family of enzymes, the nitric oxide synthases (NOS); neuronal NOS (nNOS), inducible NOS 
(iNOS) and endothelial NOS (eNOS), from the amino acid L-arginine through a hitherto 
unrecognized metabolic route, namely the L-arginine-nitric oxide pathway (Bogdan, 2001; 

Alam et al., 2002). The synthesis of NO by vascular endothelium is responsible for the 
vasodilator tone that is essential for the regulation of blood pressure. In the central nervous 
system NO is a neurotransmitter that underpins several functions, including the formation of 
memory. NO also contributes to the control of platelet aggregation and the regulation of cardiac 
contractility. In addition, NO is produced in large quantities during host defense and 
immunologic reactions (Moncada & Higgs, 1993). 

1.2.2.1. Lipid Peroxidation 

Polyunsaturated fatty acids (PUFAs) residues of phospholipids located in cell 
membranes and intracellular organelles are highly susceptible to reaction with free radicals. In 
addition, fatty acids that esterified in glycolipids, or cholesterol esters can undergo lipid 
peroxidation (LPO) by the help of free radicals (Djordjevi ć, 2004). Lipid peroxides, derived 
from polyunsaturated fatty acids, are unstable and decompose to form a complex series of 
compounds. The most studied are isoprostanes (such as 8-isoprostane), a prostaglandin-like 
compound generated in vivo by the free-radical-catalyzed peroxidation of arachidonic acid, 
independently of the cyclooxygenase (Roberts & Milne, 2009). Other important compounds 
are bioactive aldehydes generated by extensive oxidation of polyunsaturated fatty acids 
(PUFA). This process generates compounds such as alkanals (hexanal), 4-hydroxyl alkenals 
(mainly 4-HNE), malondialdehyde (MDA) and acrolein (Morrow & Roberts, 1996 and 
Catalá, 2008). 

Lipid peroxidation changes molecule characteristics, making it more hydrophilic; this 
can alter structure and function of the membrane. The isoprostanes, for example, have 
vasoconstrictor and mitogenic properties towards vascular smooth muscle cells in renal and 
pulmonary artery walls (Catalá, 2008). Some compounds may also be toxic, leading to cell 
death (necrosis or apoptosis) (Salvayre et al., 2002). The whole process of LPO involves 
several steps: initiation, propagation and termination (Figure 3). 

Initiation of lipid peroxidation occurs when a radical species with significant oxidizing 
character, such as the hydroxyl radical (.OH), removes allylic hydrogen from a PUFA forming 
lipid radical (L.) (Figure 3, step 1). L. then reacts with O2 to form a peroxy radical (LOO.) 
(Figure 3, step 2). 

                 

Propagation involves the continuation and acceleration of the chain reaction began in 
initiation. In this stage, the reactions commonly involve abstraction of an allylic hydrogen atom 
from an adjacent fatty acid by the peroxyl radical, produced from the initiation step, to produce 
L. Then oxygen added to L. forming LOO. again which abstracts an allylic hydrogen atom from 
another adjacent PUFA, resulting in a lipid hydroperoxide (LOOH) and so on (Figure 3, step 3). 
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The presence of a transition metal such as Fe+2 initiates further radical formation (Figure 3, step 
4). 

                           
              

Termination event can be the result of a reaction of a radical with another radical, 
protein, or compound that acts as a free radical trap, forming a stable end product. The 
hydroperoxide produced may undergo different reactions to terminate LPO process. They may 
be undergoing cyclization to produce cyclic endoperoxides which can start the reactions to form 
several biologically active prostaglandins, thromboxanes and leukotrienes via the 
cyclooxygenase and lipoxygenase pathways. These compounds play an essential role in the 
inflammatory response. Non-enzymatic pathways lead to the formation of compounds such as 
aldehydes (Figure 3, step 5), alkanes and isoprostanes, which can also have concentration-
dependent signaling or cytotoxic effects in vivo. Formation of these end-products constitutes the 
termination stage of LPO. Since PUFAs can have a number of C – H bonds susceptible to free 
radical attack, several end products can be generated from each PUFA during lipid peroxidation 
(Wang, 2001). 

         
        

         

The LPO products such as aldehydes (malondialdehyd and hydroxynonenal), are 
capable of forming crosslinks with lipids, proteins, and nucleic acids, thereby causing damage 
to the macromolecules, which are essential components of biological tissues (Opara, 2006). 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (3). Lipid peroxidation (steps 1-5: nonenzymatic pathway and step 6: enzymatic pathway). 
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1.2.2.2. Proteins Oxidation 

Oxygen radicals and other ROS cause modifications of proteins. These oxidative 
modifications may lead to changes in protein function, chemical fragmentation, or increased 
susceptibility to proteolytic attack. Proteolytic degradation is executed mainly by proteasomes 
(Grune et al., 1996).  

Davies and Goldberg, (1987) found that proteolysis was increased more than 11-fold 
after the exposure to superoxide or hydrogen peroxide. The proteins may differ strongly in their 
susceptibility to oxidative damage. The redox-sensitive amino acids of bovine serum albumin, 
for example, were shown to be oxidized about twice as fast as those of glutamine synthase 
(Berlett et al., 1996) and intact proteins are less sensitive to oxidation than misfolded proteins 
(Dukan et al., 2000). These findings implicate that phylogenetic evolution has selected protein 
structures that are relatively well protected against oxidation. Protein oxidation and enhanced 
proteolytic degradation cause, therefore, a net increase in ROS scavenging capacity. 

1.2.2.3. Deoxyribonucleic Acid Damage 

DNA is the cell’s genetic material, and any permanent damage to the DNA can result in 
changes (i.e., mutations) in the proteins encoded in the DNA, which may lead to malfunctions 
or complete inactivation of the affected proteins. ROS are a major source of DNA damage, 
causing strand breaks, removal of nucleotides, and a variety of modifications of the organic 
bases of the nucleotides. 

 Oxidative damage to cellular DNA can lead to mutations and may, therefore, play an 
important role in the initiation and progression of multistage carcinogenesis (Waris & Ahsan 
2006).  

1.3. The Cell Cycle 

Cell division is a fundamental tenet of cell biology. The adult mammal is producing 
millions of new cells each second to replace cells lost by the normal wear and tear of life. 
Simply stated, cells reproduce by duplicating their contents and then dividing in two. Cells are 
responsible for their own maintenance and in principle; they can grow and divide independently 
of their neighbours. In practice, organisms regulate cell growth and division according to a set 
of strict rules. Destruction of these rules leads to cancer and finally the death of the organism 
(Ratchets & Clocks, 2003).  

The cell cycle morphologically subdivided into interphase and stages of mitotic phase 
that includes prophase, metaphase, anaphase, and telophase .The cell cycle involves numerous 
regulatory proteins. Central to this process are the cyclin-dependent kinases (cdks) and the 
cyclin proteins that regulate the cell’s progression through the stages of the cell cycle (Figure 4) 
(Pines, 1995). The G1 and G2 phases of the cycle represented the (gaps) in the cell cycle that 
occurs between the two obvious landmarks; DNA synthesis (S) and mitosis (M). In the first gap 
(G1 phase), the cell is preparing for DNA synthesis, in the S phase, cells are synthesised DNA 
and therefore have aneuploid DNA content between 2N and 4N. The G2 phase is the second 
gap in the cell cycle during which the cell prepares for mitosis or M phase. G0 cells are not 
actively cycling (Russo et al., 1996). 
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Actively dividing cells are more radiosensitive than non-dividing cells. Of these, 
Mitosis phase, in which the chromosomes are condensed and paired, is the most 
radiosensitive. More DNA is present in one area at this point in the cycle, which is why it is 
theorized that this is the most radiosensitive time. It is also thought that increased chromatin 
in cancer cells is why these cells, which have unusually high mitotic rates, are more 
radiosensitive than normal cells (Chapman et al., 1999) 

 

Figure (4). Schematic drawing of normal cell cycle (adopted from Pines, 1995) 

1.4. Apoptosis 

Mechanisms of apoptosis – many ways to die, apoptosis represents an energy 
consuming and organized process of cell death; however it is not the only way for a cell to die, 
necrosis, and intermediate processes of cell death have also been described (Leist & Jaattela, 
2001). In apoptosis though, a deformation of the cell membrane, shrinkage of the cell, 
condensation of the nuclear chromatin and activation of endonucleases cleaving DNA are 
characteristic. There are at least three pathways described by which apoptosis can be initiated 
(Figure 5).  

The extrinsic pathway is triggered through death receptors, including Fas (CD95), 
tumor necrosis factor (TNF) receptor 1 (p55), TNF receptor apoptosis-mediating protein 
(TRAMP, DR3), TNF related apoptosis-inducing ligand receptor 1 (TRAIL-R1) or receptor-2 
(DR5). These receptors contain an 80 amino acid sequence in their cytoplasmic tail, the so-
called ‘death domain’. Upon ligation, these receptors are clustered and the Fas-associated death 
domain (FADD), the TNF-receptor I associated death domain (TRADD), procaspase-8, FADD-
like IL-1-converting enzyme (FLICE), among others are recruited forming the death-inducing 
signaling complex (DISC) (Krammer, 2000). Subsequently, caspase-8 can cleave caspase-3 or 
indirectly activate caspase-3 via tBID (truncated BH-3 interacting domain death agonist), 
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resulting in the aggregation of Bax/Bak and the release of the apoptosome (cytochrome c, Apaf-
1 [apoptotic protease activating factor-1], procaspase-9). Activated endonucleases then induce 
the cleavage of DNA bringing about the death of the cell. 

The intrinsic mitochondrial pathway is activated by diverse stimuli such as ROS, 
radiation, and chemotherapeutic agents. These stimuli drive changes in the interaction of B-cell 
CCl/lymphoma 2 (Bcl-2) family members including anti-apoptotic Bcl-2, Bcl-extra long (Bcl-
xL), myeloid cell leukemia sequence 1 (Mcl-1), and pro-apoptotic Bcl-2 associated X (Bax), 
Bcl/Bcl-xL-associated death promoter (Bad), Bcl-2 interacting mediator of cell death (Bim), 
BH3 interacting domain death agonist (Bid), Bcl-2 antagonistic killer (Bak). In response to 
apoptotic stimuli, BH3-only members are activated and Bax like factors then insert into the 
outer mitochondrial membrane where they provoke permeability transition (the mitochondrial 
membrane potential (∆Ψm) collapses) and the release of apoptogenic factors (e.g. cytochrome c) 
into the cytosol. Cytosolic cytochrome c binds to Apaf-1, which oligomerizes to assemble the 
apoptosome that activates procaspase-9 and initiates a downstream caspase cascade resulting in 
cell death (Korsmeyer et al., 2000 and Borner, 2003). 

Other apoptotic pathways have been identified, such as the endoplasmic reticulum 
pathway mediated by caspase-12 (Szegezdi et al., 2003 and Shiraishi et al., 2006). There is 
evidence that caspase-12 deficiency in mice renders them resistant to peritonitis and septic 
shock, in nature (Saleh et al., 2006). The relevance of this pathway as a disease mechanism 
during sepsis still needs to be elucidated. 

 It has been suggested that oxidants may be responsible for part of the apoptotic process 
observed in vitro in several cell types. However, many authors found that triggering of death 
receptor (APO-1/Fas/CD95) does not induce ROS production and others observed membrane 
changes; typical of apoptosis in the absence of ROS (Jacobson et al., 1994 and Marchetti, et 
al., 1996) indicating that pro-oxidative conditions are not a general prerequisite for apoptotic 
cell death. Nevertheless, high ROS concentrations induce apoptotic cell death in various cell 
types (Slater et al., 1995 and Dumont et al., 1999), suggesting that ROS contribute to cell 
death whenever they are generated in the context of the apoptotic process. 
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Figure (5). Schematic representation of the three signaling pathways of apoptosis (adopted from Perl 
et al., 2007). Bcl- 2 (B-cell CLL/lymphoma 2), Mcl-1 (myeloid cell leukemia sequence 1), A1 (B-cell 
leukemia/lymphoma 2 related protein A1), Bad (Bcl-2/Bcl-XL-associated death promotor), Bax (Bcl-
2-associated X protein), Bim (Bcl-2 interacting mediator of cell death), Bid (BH3 interacting domain 
death agonist), ∆Ψm (mitochondrial membrane potential); Apaf-1 (apoptosis-activating factor-1), 
FADD (Fas-associated death domain), TRADD (TNFR1-associated death domain), TRAF (TNFR 
associated factor), IAP (inhibitor of apoptosis proteins), FLIP (FADD-like interleukin-1-converting 
enzyme (FLICE)-inhibitory protein), ICAD, CAD ((inhibitor of) caspase-activated DNase). 

1.5. Deoxyribonucleic acid (DNA) 

One of the first events that can be seen after irradiation is induction of DNA damage. 
It is known that hydroxyl radicals induce chromosome breaks and formation of a great 
number of micronuclei in dividing cells (Fenech & Morley, 1985). 

Oxidative changes to DNA can occur by many routes including oxidative modifications 
of the nucleotide bases or sugars, or forming cross-links. It is well known that such 
modifications can lead to mutations, cellular-aging and death. In vivo, damaged DNA is 
repaired by endonucleases- and glycosylases-liberating deoxynucleotides and bases, 
respectively that are excreted in urine. ROS can cause DNA oxidation by different mechanisms, 
such as via hydroxyl radical or via reactive nitrogen intermediates such as peroxynitrite 
(Wiseman & Halliwell 1996). DNA as a carrier of genetic information is considered to be the 
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critical target for radiation-induced damage, especially severe type is DNA double-strand breaks 
(DSBs), formed when breaks occur in both strands of the molecule. The DSBs production is 
determined by the spatial distribution of ionisation events, dependent on the physical properties 
of the energy deposition and the chemical environment of the DNA. According to theoretical 
predictions, high LET charged particle radiation induces lesions in close proximity forming so 
called clustered damage in the DNA (Gudowska et al., 2007). Gamma radiation initially 
induced the formation of single-strand breaks SSBs after three hours and increase of DSBs in a 
dose-dependent manner (Figure 6) (Bribiesca & Suarez.1999). 

 

Figure (6). Types of DNA damage (Barja & Herrero, 2000). 

1.6. Mitochondrial Ca2+ 

Ca2+ release from the ER and Ca2+ uptake by mitochondria induces a major alteration 
(fragmentation and swelling) of the organelle morphology. The mechanism of this 
morphological alteration that allows the release of the caspase co-factors is supposed to be 
played by the permeability transition pore (PTP). This PTP is a high-conductance non-selective 
channel, the opening/closing characteristics of which are influenced by multiple parameters. 
These parameters are the matrix pH, the redox state of critical matrix thiols, the 
NADPH2/NADP and the concentration of Ca2+ in the mitochondrial matrix (Bernardi, 1999 
and Kroemer, 2003). It can be envisioned that coincidence detection of the [Ca2+]m rise and 
other pro-apoptotic signals (e.g. oxidative stress or a direct action of the lipid mediator) 
determines the apoptotic recruitment of mitochondria, and thus the translation of a Ca2+ signal 
into cell death (Ferrari et al., 2002 and Rizzuto et al., 2003). 

Apoptotic factors and physiological stimuli both act on calcium signaling, but exert 
opposite effects. The antiapoptotic protein Bcl-2 promotes cell survival by reducing ER Ca2+ 
level and consequently mitochondrial Ca2+ overload. Cell death is induced by mitochondrial 
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Ca2+ overload thus acts as an intracellular checkpoint to switch from physiological metabolic 
regulation to induction of apoptosis (Figure 7) (Pinton et al., 2001 and Scorrano et al., 2003). 

 

Figure (7). Role of mitochondrial Ca2+in determining cell death or survival (Chami et al., 2003). 

1.7. Protection against ROS 

Antioxidants can be described as substances capable of counteracting the damaging 
effects of oxidation in body tissues. Antioxidants can be endogenous (produced by the body) or 
exogenous (obtained through the diet). Endogenous antioxidants include enzymes, coenzymes 
and sulfur-containing compounds. Exogenous antioxidants include vitamins C and E, 
bioflavonoids and carotenes. Antioxidants are divided in general into two classes based on 
mechanisms of action: 

Chain-breaking antioxidants, such as Vitamin E and beta-carotene, “break the chain” 
of free radical formation by donating an electron to stabilize an existing free radical. In general, 
they act by reacting with peroxyl radicals. Chain-breaking antioxidants are found in the blood 
and the fluids of the extra-cellular space, where preventive antioxidant enzymes are absent or 
present in very small quantities (McDermott, 2000). The lipid-soluble antioxidants are located 
in the cellular membranes and lipoproteins, whereas the water-soluble antioxidants are present 
in the aqueous environments, such as fluids inside cells and in the blood. 

Preventive antioxidants are enzymes that scavenge initiating radicals before they start 
an oxidation chain. The main enzymatic “scavengers” responsible for the prevention of ROS 
formation and oxidation are superoxide dismutase, catalase, and glutathione peroxidase. 

1.7.1. Endogenous antioxidants 

1.7.1.1. Superoxide dismutase (SOD) (EC 1.15.1.1):  

 Superoxide dismutase (SOD) is found in virtually every oxygen-based organism. 
Isoforms of SOD are variously located within the cell. CuZn-SOD is found in both the 
cytoplasm and the nucleus. Mn-SOD is confined to the mitochondria, but can be released into 
extracellular space.  
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Superoxide dismutase (SOD) is the antioxidant enzyme that catalyses the dismutation of 
the highly reactive O2

•¯ to O2 and to the less reactive species H2O2.  

              2O2    +     2H+                      O2    +    H2O2         

This reaction is generally considered to be the body's primary antioxidant defense 
because it prevents further generation of free radicals. In humans, the highest levels of SOD are 
found in the liver, adrenal gland, kidney, and spleen (Scheibmeira et al., 2005). 

1.7.1.2. Catalase (EC 1.11.1.6)  

 Catalase is a haem-containing enzyme, found primarily in the small membrane–
enclosed cell components called peroxisomes, that catalyses the reaction:  

ROOH + HQOH QO + ROH + H2O  

Where R is a hydrogen or an alkyl or acyl group and HQOH is a two electron donor. Catalases 
can utilize H2O2 both as an electron acceptor and an electron donor (catalytic' activity) yielding 
molecular oxygen (O2) and water in the disproportionation reaction:  

H2O2 + H2O2 2H2O + O2  

Catalase-deficient (acatalasemic) cells are hypersensitive to the mutagenic and lethal 
effects of hydrogen peroxide, and the presence of redundant or “fail-safe” alleles for catalase 
isozymes in many organisms emphasizes the key role this enzyme plays in the cellular response 
to oxidative stress (Utsumi et al., 1998).  

1.7.1.3. Glutathione peroxidase /glutathione reductase system  

 Glutathione peroxidase (GSH peroxidase) /glutathione reductase (GSSG reductase) 
system consists of several components, including the enzymes GSH peroxidase and GSSG 
reductase and the co-factors reduced glutathione (GSH) and reduced nicotinamide adenosine 
dinucleotide phosphate (NADPH). Together, these molecules effectively remove H2O2 with 
formation of oxidized glutathione (GSSG), which is recycled back to glutathione by glutathione 
reductase, using the cofactor NADPH generated by glucose 6-phosphate dehydrogenase (Figure 
8). 
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Figure (8). Superoxide dismutase (SOD), catalase, and the GSH peroxidase/GSSG reductase system. 

1.7.1.4. Glutathione (GSH)  

 Glutathione is one of the most important molecules in the cellular defense against 
chemically reactive toxic compounds or oxidative stress. This protective function is due in part 
to its involvement in conjugation reactions. GSH is a tripeptide composed of L-glutamic acid, L-
cysteine, and L-glycine (-Glu-Cys-Gly). The presence of cysteine in the tripeptide provides a 
sulfhydryl group that is nucleophilic, and hence GSH reacts with electrophiles as the thiolate 
ion, GS . These electrophiles may be chemically reactive and are produced as metabolic 
products of a phase 1 reaction, or they may be more stable foreign compounds. Hence, GSH 
protects cells by removing reactive metabolites. The GSH adducts may then either be excreted, 

usually into the bile, or the conjugate may undergo further metabolism via the mercapturic acid 
pathway (Hinson et al., 1982 and Commandeur et al., 1995) 

De novo synthesis of glutathione 

Glutathione is found in the vast majority of prokaryotic and eukaryotic cells, where it 
often represents the major pool of non-protein reduced sulphur (Kunert & Foyer, 1993). The 
pathway of GSH biosynthesis (Figure 9) is well established: two sequential ATP-dependent 
reactions allow the synthesis of cellular glutamylcysteine (c-EC) from L-glutamate cysteine, 
followed by the formation of GSH by addition of glycine to the C-terminal end of c-EC 
(Meister, 1988). These reactions are catalysed by c-glutamylcysteine  synthetase (c-ECS) and 
glutathione synthetase (GS) (Noctor et al., 1998). 
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Figure (9). Schematic representation depicting the pathway of glutathione biosynthesis from constituent 
amino acids (adopted from Noctor et al., 1998). 

The rate-limiting step of glutathione synthesis is the first reaction, which forms γ-
glutamylcysteine and is catalyzed by γ-glutamylcysteine synthetase (γ-GCS). GSH levels 
increase in response to various stimuli, which is mainly due to the responsiveness of γ-GCS 
gene expression to the stimuli (Meister, 1995). The nuclear factor-κB (NF-κB) appears to be 
the most important transcriptional activator of the γ-GCS gene in response to oxidative stress 
(Kondo et al., 1999). Gamma-GCS catalyzes the formation of g-glutamylcysteine from Glu and 
Cys using ATP as an energy source. GS then completes the GSH synthesis by adding Gly in an 
ATP-dependent reaction.  

Glutathione recycling  

Glutathione may also be involved in the redox regulation of the cell cycle. Owing to its 
redox-active thiol group, GSH has often been considered to play an important role in defense of 
plants and other organisms against oxidative stress (Alscher, 1989 and Grant et al., 1996). In 
all cells where GSH is found, the reduced tripeptide form exists interchangeably with the 
oxidized form (glutathione disulphide: GSSG). While glutathione reductase (GR) uses NADPH 
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to reduce GSSG to GSH, various free radicals and oxidants are able to oxidize GSH to GSSG 
Figure (16) (Noctor et al., 1998). 

Sertoli cells in the testis have both de novo synthesis and recycling systems of 
glutathione and supply GSH to spermatogenic cells. While Sertoli cells have both a de novo 
pathway for GSH synthesis and a recycling system of GSSG, spermatogenic cells have much 
less potency. A helper function of Sertoli cells is to supply GSH to spermatogenic cells (Figure 
10) (Fujii et al., 2003). 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (10). Sertoli cells have both de novo synthesis and recycling systems of glutathione and supply 
GSH to spermatogenic cells (adopted from Fujii et al., 2003).  

1.7.2. Exogenous Antioxidants  

Flavonoids have been reviewed for their wide biological properties, including anticancer 
and immunostimulant activities (Tirkey et al., 2005). These physiological benefits of 
flavonoids are generally thought to be due to their antioxidant and free-radical scavenging 
properties (Yamada et al., 2003). As phenolic compound, flavonoids can scavenge free 
hydroxyl and peroxy radicals; on the other hand, it is known that γ-rays generate hydroxyl 
radicals in organisms and induce cellular DNA damage (Nogata et al., 2006). Recently there 
has been a growing interest in flavonoids polyphenolic agents from natural products, especially 
those derived from plants because plant sources are usually considered to be less toxic, with 
fewer side effects than synthetic sources (Nogata et al., 2003). 
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1.7.2.1. Hesperidine 

Hesperidine is a Flavonoid (Figure 11). It is a polyphenolic compound found in citrus 
fruits and vegetables as well as in food products and beverages derived from plant, such as tea, 
olive oil and citrus (Ross & Kasum, 2002). It is the predominant flavonoid in lemons and 
oranges. The peel and membranous parts of these fruits have the highest concentrations. 
Therefore, orange juice containing pulp is richer in the flavonoids and hesperidine than that 
without pulp. Sweet oranges (Citrus sinensis) and tangelos are the richest dietary sources of 
hesperidine. Hesperidine, in combination with a flavone glycoside called diosmin, is used in 
Europe for the treatment of venous insufficiency and hemorrhoids. Hesperidine, Rutin and other 
flavonoids thought to reduce capillary permeability and to have anti-inflammatory action were 
collectively known as vitamin P. These substances, however, are not vitamins and are no longer 
referred to, except in older literature, as vitamin P (Emim et al., 1994). 

 

 

 

 

 

 

 

 

 

Figure (11). The polyphenolic structure of hesperidine (adopted from Ross and Kasum, 2002). 

A deficiency of hesperidin in the diet has been linked with abnormal capillary leakiness 
as well as pain in the extremities causing aches, weakness and night leg cramps. No signs of 
toxicity have been observed with the normal intake of hesperidine or related compounds. Both 
hesperidine and its aglycone hesperitin have been reported to possess a wide range of 
pharmacological properties (Tawfik et al., 2008).  

Hesperidin has multiple biological activities such as reduction of capillary fragility, 
associated with scurvy (Cesarone et al., 2005), antilipemic activities (Miwa  et al., 2004) and 
anti-inflammatory mediator (Choi et al., 2001) and suppresses cyclooxygenase-2 (COX-2) gene 
expression (Hirata et al., 2005). In addition, Bae et al. (2000) found an in-vitro inhibitory 
effect of hesperidin on rotavirus infectivity. For human, it possesses significant activities against 
allergy, haemorrhoids and hormonal disorders (Kaur  et al., 2006), and could be effective for 
treating rheumatoid arthritis patients (Kawaquchi et al., 2006) and for the treatment of 
recurrent aphthous stomatitis (Koridze et al., 2006). G-Hesperidin preferentially lowers 
serum triacylglycerol in hypertriglyceridemic subjects (Miwa et al., 2005). 
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1.7.2.2. Allopurinol and Oxypurinol  

Allopurinol, or 1, 5-dihydro-4H-pyrazolo[3,4-d]pyrimidin-4-one, is one of the crown 
jewels of the venerable drug discovery program at Burroughs Wellcome that started in 1940s 
and culminated by the awarding of a 1988 Nobel Prize in Physiology and Medicine to Gertrude 
B. Elion and George H. Hitchings, shared with British scientist James W. Black, for 
"discoveries of important principles for drug treatment." An excellent overview of this effort, 
which yielded, in addition to the xanthine oxidase (XO) inhibitor allopurinol, blockbuster drugs 
such as acyclovir, trimethoprim, and the early antineoplastic compounds thioguanidine and 6-
mercaptopurine (6-MP), can be found in the Nobel lectures by Elion and Hitchings and 
elsewhere (Hitchings & Elion, 1963 and Elion, 1988) 

Allopurinol was approved by Food and Drug Administration in 1966 for treatment of 
gout and remains a cornerstone in the therapy of primary and secondary hyperuricemia 
(Schlesinger, 2004 and Wortmann, 2005). Allopurinol is rapidly oxidized by XO in vivo to its 
active metabolite oxypurinol (both isosteres of hypoxanthine and xanthine, respectively), which 
also inhibits XO. At low concentrations, allopurinol is a substrate for and competitive inhibitor 
of the enzyme; at higher concentrations, it is a noncompetitive inhibitor. Oxypurinol is a 
noncompetitive inhibitor of the enzyme; the formation of this compound, together with its long 
persistence in tissues, is responsible for much of the pharmacological activity of allopurinol. 

Inhibition of XO was thought to inhibit oxidation of 6-MP and potentiate the antitumor 
properties. Because XO was one of the test enzymes in the early experiments in the laboratory, 
several nontoxic XO inhibitors, including a hypoxanthine analog, allopurinol, were available to 
directly confirm this suggestion. It was known that XO is involved in formation of uric acid 
from xanthine and hypoxanthine (Figure 12) (Pea, 2005). 

In terms of pharmacokinetics, allopurinol is rapidly absorbed, reaching peak plasma 
concentrations within 30 to 60 min, following oral administration. Oxypurinol has lower oral 
bioavailability than allopurinol. Allopurinol has relatively short half-life in plasma (2-3 h), 
whereas the half-life of oxypurinol is much longer (14-30 h) due to renal reabsorption (Pea, 
2005).  

The most common adverse effects of allopurinol are gastrointestinal distress, 
hypersensitivity reactions, and skin rash. The hypersensitivity reaction may occur even after 
months or years of medication. These effects generally occur in individuals with decreased renal 
functions, for whom the dosage of allopurinol was not reduced. Allopurinol may increase the 
effects of cyclophosphamide and inhibits the metabolism of oral coagulants and probenecid. 

Symptoms of allopurinol toxicity include fever, rash, vasculitis, eosinophilia, and worsening of 
renal function, which can lead to a fatal outcome especially in elderly patients with renal 

insufficiency taking thiazide diuretics (Schlesinger, 2004 and Pea, 2005).  

By lowering the uric acid concentration in plasma below its limit of solubility, 
allopurinol facilitates the dissolution of tophi and prevents the development and progression of 
chronic gouty arthritis (Schlesinger, 2004 and Pea, 2005). The formation of uric acid stones 
gradually disappears with therapy, and this prevents the development of nephropathy. In 
addition to the gout and hyperuricemia, there are numerous potential therapeutic applications for 
allopurinol and oxypurinol in various forms of ischemic and other types of tissue and vascular 
injuries, inflammatory diseases, and chronic heart failure.  
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Figure (12). XO is involved in formation of uric acid from xanthine and hypoxanthine and potentiate the 
antitumor properties (adopted from Pea, 2005). 
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AIM OF THE WORK 

The aim of the present work was to get more information on the relationship 
between radiation-induced biochemical changes and apoptosis in the testicular tissues 
of male albino rats and to evaluate the role of some antioxidants against radiation-
induced damage in testicular tissues. This goal was achieved by:  

 
• Assessment of Apoptosis 

 Assessment of the percentage of DNA fragmentation in testicular tissues, calcium 
ions in the mitochondria of testicular tissues, determination of the relative testis and body 
weight ratio and approved by histological investigation through transmission electron 
microscope of testicular tissues This part was examined and evaluated by Prof. Dr Seham Abo 
Elnoor, Assistant Professor of Histology, National Center for Radiation Research and 
Technology (NCRRT),Egyptian Atomic Energy Authority (EAEA). 

 
• Assessment of oxidative stress and antioxidants 

  Determination of the activity of superoxide dismutase (SOD), catalase, and 
xanthine oxidase and the content of thiobarbituric acid reactive substances in whole 
testicular tissues.  

  Determination of the content of reduced glutathione and oxidized glutathione 
in the nucleus, and nitric oxide ions in the mitochondria of testicular tissues. 

• Assessment of Lipids  

  Assessment of lipid profile in the serum and the content of HDL-C and LDL-
C in testicular tissues.  

•••• Evaluation of the modulatory effect of allopurinol supplied either before or after 
irradiation.  

•••• Evaluation of the modulatory effect of hesperidine supplied to rats either before or 
after irradiation.  

•••• Evaluation of the modulatory effect of allopurinol + hesperidine supplied to rats either 
before or after irradiation. 
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2. MATERIALS AND METHODS 

2.1. Experimental Animals 

Male Albino rats 40 days old (number= 174 & body weight= 70-80 g) Sprague 
Dawley strain obtained from the experimental animals breeding centre of the Egyptian 
Holding Company for Biological Products and Vaccines (VACSERA); Helwan, Cairo, Egypt, 
were used for the current investigations. 

Animals were kept in specially designed cages with a maximum of 12 rats per cage, 
under standard laboratory conditions including all hygienic measures; illumination, 
ventilation, temperature and humidity. Animals were maintained on a standard rat feeding diet 
and water ad libitum and kept under observation for 10 days prior experimentation. 

Animals were divided into 2 divisions first for preliminary experiment to select the 
optimum dose which induces the highest percent of DNA fragmentation (30 rats) and second 
for experimental design (144 rats).   

All animal procedures were performed in accordance with the Ethics Committee of the 
National Research Centre conformed to the Guide for the Care and Use of Laboratory 
Animals published by the US National Institutes of Health (NIH publication No. 85–23, 
1996). 

2.2. Radiation Exposure 

Whole body gamma irradiation was performed at the National Center for Radiation 
Research and Technology (NCRRT), Atomic Energy Authority, Cairo, Egypt. The source of 
radiation is a Canadian Gamma cell-40 (Cesium-137).  

The Caesium-137 double encapsulated source is maintained by two cylindrical sliding 
drawers, above and below the sample cavity. A plastic sample tray with lid and supporters for 
use in the sample cavity is provided with the unit. The internal dimensions of the tray were 
30.5 cm in diameter by 10.5 cm deep. The sample tray had ventilation holes in its side, which 
align with ventilation parts through the main shield and ensured a homogeneous dose 
distribution. Rats were placed in the plastic tray and irradiated in groups of 12 rats. The dose 
rate was 0.66 Gy/minute during the experimental period. 

A Preliminary experiment 

A number of 30 rats were divided randomly into 2 main groups; C group: 6 rats, did 
not receive radiation processing and R group: 24 rats were subjected to whole body γ- rays 
installed as 2 Gy each other day as described in scheme (1).  

Analysis of variance using Duncan’s multiple range test indicates that exposure to 
gamma radiation exhibited an ascending significant increase (p< 0.05) in testicular DNA 
fragmentation of 41.87 %, 85.12 %, 182.34 % and 184.33 % in animal groups irradiated with 4 
Gy, 6 Gy, 8 Gy and 10 Gy, respectively, while the 2 Gy group showed a non-significant 
increase (p< 0.05) of 10.12 %, as compared to control group. Moreover, no significant changes 
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were observed after radiation exposure to 8 Gy and 10 Gy as shown by intergroup comparison, 
hence the cumulative dose 8 Gy was selected (Table 1). 

Scheme (1) Preliminary experiment for radiation exposure 

Day Radiation dose Animals Groups 

1 2 Gy  

2 
 Irradiated 2 Gy 

6 rats received 2 Gy 

3 2 Gy  

4 
 Irradiated 4 Gy 

6 rats received 2×2 Gy 

5 2 Gy  

6 
 Irradiated 6 Gy 

6 rats received 2×2×2 Gy 

7 2 Gy  

8 
 Irradiated 8 Gy 

6 rats received 2×2×2×2 Gy 

9 2 Gy  

10 
 Irradiated 10 Gy 

6 rats received 2×2×2×2×2 Gy 

 
TABLE 1. Percentage of DNA fragmentation in testicular tissues at different doses of 

gamma radiation 

Percentage of DNA 
fragmentation from control 

Mean± SD Animals groups 

0.00 % 5.04± 0.57a Control 

+ 10.12 % 5.55± 0.67a 2Gy 

+ 41.87 % 7.15± 0.78b 4Gy 

+ 85.12 % 9.33± 1.00c 6Gy 

+ 182.34 % 14.23± 1.56d 8Gy 

+ 184.33 % 14.33± 1.71d 10Gy 

Irradiated 

80.44 F Value 

1.60 LSD 
Means with different superscripts are significantly different at P≤ 0.05. 
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2.3. Allopurinol Treatment 

Each animal received via intraperitoneal injection (i.p.) the proper dose of allopurinol 
(50 mg/kg body weight) suspended in 1.0 ml of 0.1 M sodium bicarbonate (NaHCO3) based 
on the protocol described by Kumagai et al. (2002).  

2.4. Hesperidin Treatment 
Hesperidin was purchased from sigma, each animal received orally, via gastric 

intubation using a plastic syringe with special stainless steel needle, the proper dose of 
hesperidin (200 mg/kg body weight) suspended in 1.0 ml of dimethyl sulfoxide (DMSO) 
solvent, based on the protocol described by Tirkey et al. (2005). 

2.5. Experimental design 
After an adaptation period of 10 days, one hundred and forty four (144) rats were 

randomly distributed into 14 groups.  

1. Control group (C): rats (number= 6) didn’t receive any treatment (◦). 

2. Irradiated group (R):  rats (number= 12) were whole body subjected to gamma irradiation 
installed as 2 Gy each other day up to a total dose of 8 Gy for 10 days (*). 

3. Allopurinol group (A):  rats (number= 12) received via i.p allopurinol (50 mg/kg body 
weight which dissolved in 0.1 M NaHCO3 solution) for 7 successive days (/).  

4. Control Allopurinol group (CA):   rats (number= 6) received via i.p. 1 ml of 0.1 M 
NaHCO3 solution (vehicle) for 7 successive days (x). 

5. Allopurinol pre-treated group (AR): rats (number= 12) received via i.p allopurinol (50 
mg/kg body weight) for 7 successive days then from the 8th day on, they were whole body 
subjected to gamma irradiation as mentioned before in group 2 (R). 

6. Allopurinol post-treated group (RA): rats (number= 12) were whole body subjected to 
gamma irradiation as mentioned before in group 2 (R), then from the 8th day on received via 
i.p. allopurinol (50 mg/kg body weight) for 7 successive days. 

7. Hesperidin group (H): rats (number= 12) received orally hesperidin (200 mg/kg body 
weight which dissolved in DMSO solution) for 7 successive days (♥). 

8. Control hesperidin group (CH): rats (number= 6) received orally 1 ml of DMSO solution 
(vehicle) for 7 successive days (#).  

9. Hesperidin pre-treated group (HR): rats (number= 12) received orally hesperidin (200 
mg/kg body weight) for 7 successive days then from the 8th day on, were whole body 
subjected to gamma irradiation as mentioned before in group 2 (R). 

10. Hesperidin post-treated group (RH): rats (number= 12) were whole body subjected to 
gamma irradiation as mentioned before in group 2 (R), then from the 8th day on, received 
orally hesperidin for 7 successive days. 

11. Allopurinol + Hesperidin group (AH): rats (number= 12) received via i.p. allopurinol 
(50 mg/kg body weight) in parallel to oral administration of hesperidin (200 mg/Kg body 
weight) for 7 successive days (۞). 



2-Materials and Methods 

 
 

28 

12. Control Allopurinol + Hesperidin group (CAH):  rats (number= 6) received via i.p. 1ml 
of 0.1 M NaHCO3 solution (vehicle) in parallel to oral administration of 1ml of DMSO 
solution (vehicle) (☻). 

13. Allopurinol + Hesperidin pre-treated group (AHR): rats (number= 12) received 
allopurinol treatment in parallel to hesperidin treatment then on the 8th day on, were whole 
body subjected to gamma irradiation as mentioned before in group 2 (R). 

14. Allopurinol + Hesperidin post-treated group (RAH):  rats (number= 12) were subjected 
to whole body subjected to gamma irradiation as mentioned before in group 2 (R), afterward 
on the 8th day they were administrated allopurinol + hesperidin protocols.  
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Scheme 2. Experimental design:  

Days 

Groups 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

1-C group 

(6 rats) 

o o o o o o o Sacrificed 

2-R Gy/day 

(12 rats) 

*  *  *  * Sacrificed 

/ / / / / / / 3-A group 

(6 rats) Allopurinol 50  mg/kg b.wt. 

Sacrificed 

x x x x x x x 4-CA group 

(12 rats) NaHCO3 0.1 M I.P 

Sacrificed 

/ / / / / / / 5-AR group 

(12 rats) Allopurinol 50  mg/kg I.P 

*  *  *  * Sacrificed 

/ / / / / / / 6-RA group 

(12 rats) 

*  *  *  * 

Allopurinol 50  mg/kg I.P 

Sacrificed 

♥ ♥ ♥ ♥ ♥ ♥ ♥ 7-H group 

(6 rats) Hesperidine 200 mg/kg oral 

Sacrificed 

# # # # # # # 8-CH group 

(12 rats) DMSO oral 

Sacrificed 

♥ ♥ ♥ ♥ ♥ ♥ ♥ 9-HR group 

(12 rats) Hesperidine 200 mg/kg oral 

*  *  *  * Sacrificed 

♥ ♥ ♥ ♥ ♥ ♥ ♥ 10-RH 
group 

(12 rats) 

*  *  *  * 

Hesperidine 200 mg/kg oral 

Sacrificed 

۞ ۞ ۞ ۞ ۞ ۞ ۞ 11-AH 
group 

(6 rats) 
Allopurinol 50 mg/kg I.P& 
Hesperidine 200 mg/kg oral 

Sacrificed 

☻ ☻ ☻ ☻ ☻ ☻ ☻ 12-CAH 
group 

(12 rats) 
NaHCO3 0.1 M I.P & 

DMSO oral 

Sacrificed 

۞ ۞ ۞ ۞ ۞ ۞ ۞ 13-AHR 
group 

 (12 rats) 

 

Allopurinol 50 mg/kg I.P& 
Hesperidine 200 mg/kg oral 

*  *  *  * Sacrificed 

14-RAH 
group 

  (12 rats) 

 

*  *  *  * ۞ ۞ ۞ ۞ ۞ ۞ ۞ Sacrificed 
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2.6. Preparation of samples 
Rats from different animal groups were fasted over night prior to sacrificing.  

2.6.1. Blood samples 

Blood samples were taken from rats under diethyl ether anaesthesia by heart puncture. 
Samples were allowed to stand in dry and clean test tubes for 15 min at room temperature, 
and then centrifuged at 3000 rpm for 15 min. The sera obtained were stored at -20oC for 
further analysis. 

2.6.2. Testicular samples 

As fast as possible, testes were excised from animals and blood was removed by 
perfusing the tissue with a cold 0.1M phosphate buffer saline (PBS), pH 7.4, containing 0.16 
mg/ml heparin to prevent coagulation. Tissue was blotted on a filter paper to remove excess 
buffer, and the tissue was weighed prior the addition of 5-10 ml cold 50 mM potassium 
phosphate buffer, pH 7.5 containing 1 mM EDTA per gram tissue. Then, tissue was 
homogenized using a glass pestle (glass homogenizer). The homogenate was centrifuged at 
10,000 x g for 15 min at 4°C, and the supernatant was collected and stored at -20°C for 
further use. 

2.6.3. Nuclear Matrix and Mitochondrial Matrix 

Nuclei and mitochondria were first isolated according to the procedure of 
Higashinakagawa et al. (1972), using a sucrose gradient. The testes were weighed, minced, 

and homogenized using Teflon-glass homogenizer in 0.25 M sucrose containing 50 mM Tris, 
25 mM KCl, and 5 mM MgCl2, pH 7.4. Then, 10 volumes of 2.3 M sucrose in 10 mM MgCl2 
were added. After centrifugation at 700 g for 10 min, the pellet was separated as the nuclear 
fraction. The supernatant was re-centrifuged at 10,000 g for 10 min, and the pellet separated 
as the mitochondrial fraction and the supernatant was discarded. 

Nuclear and Mitochondrial matrices were prepared according to the procedure of 
Pecsok et al., (1972) and Robinson, (1981). Nuclear fraction was homogenized 0.2 g/2.5 ml 
of 8 M HCl, boiled slowly on a hot plate for 5 min, cooled and centrifuged. The supernatant 
was separated as the nuclear matrix and the pellet discarded. Mitochondrial fraction was 
homogenized 0.2 g/2.5 ml of 8 M HCl, boiled slowly on a hot plate for 5 min, cooled and 
centrifuged. The supernatant was separated as the mitochondrial matrix and the pellet 
discarded.  

2.7. Biochemical Analysis 

2.7.1. Assay of Oxidative Stress  

2.7.1.1. Xanthine Oxidase activity in testicular tissues  

Xanthine oxidase (XO) activity was determined according to the method described by 
Bergmeyer et al. (1974) in which the rate of formation of uric acid is followed 
spectrophotometrically at 290 nm. The method relies on the catalytic function of the enzyme 
where it catalyzes the conversion of xanthine into uric acid as in the following reaction:  

Xanthine + H2O + O2      Xanthine Oxidase        Uric Acid + H2O2 

One unit of enzyme activity is defined as amount of enzyme required to catalyze the 
formation of 1µmol of uric acid per minute at pH 7.5 and 25°C. The enzyme activity is 
expressed as U/mg protein. 
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Reagents: 

Reagent A 50mM Potassium phosphate buffer: 6.8 g KH2PO4 and 8.7 g K2HPO4 were 
dissolved in 800 ml distilled water. Adjust to pH 7.5 at 25°C with 1 M KOH, 
then complete to 1 L with distilled water. 

Reagent B 0.15 mM Xanthine solution:2.61 mg of xanthine sodium salt was dissolved in 
100 ml distilled water. Adjust to pH 7.5 at 25°C with 1 M NaOH. 

Procedure: 

In a suitable spectrophotometer quartz cuvette with 1cm light path maintained at 25°C, 
1.90 ml reagent A was added followed by 1.00 ml reagent B, absorbance monitored at 290 
nm., then 0.10 ml of sample was added, after mixing absorbance was recorded for 
approximately 5 minutes. A blank was prepared by adding 0.1 ml deionizied water instead of 
sample.  

Calculation: 

(AT/min - AB/min)( V)(df) 
Units/ml sample= 

(MEC) (VT) 
× 100 

Total volume (V) = 3milliliters  

Dilution factor= df 

Millimolar extinction coefficient of Uric Acid at 290 nm (MEC) = 12.2 

Volume of sample used (VT) = 0.1 milliliter 

Units/ml sample 
Xanthine oxidase specific activity (Units/mg protein)= 

mg protein/ml sample 
× 100 

2.7.1.2. Catalase Activity in testicular tissues 

Catalase activity (CAT) was determined according to the method of Aebi, (1983) in 
which the disappearance of peroxide is followed spectrophotometrically at 240 nm. The 
method is based on the catalytic function of the enzyme where it catalyzes the decomposition 
of H2O2 into water and oxygen as in the following reaction:  

                               2H2O2         
catalase        2H2O + O2 

 

Reagents:  

[1] 50 mM Potassium phosphate buffer:6.8 g of KH2PO4 and 8.7 g K2HPO4 were 
dissolved in 800 ml of distilled water. Adjust to pH 7.0 at 25°C with 1 M KOH, then 
complete to 1 L with distilled water. 

[2] 0.09 M Hydrogen peroxide. 
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Procedure:  

The buffer and hydrogen peroxide were mixed to form the working buffer. Ten µl of 
the working buffer were added to 10 µl of testes homogenate (sample) in quartz cuvette. The 
change in absorbance at 240 nm (∆A) between zero time and after one min was recorded. The 
catalase concentration was calculated from the following relation: 

∆A × 1000 
Catalase activity in testes (Units/ml)= 

EC × V 
× 100 

Where the extension coefficient (EC) =0.036. 

Reaction mixture volume (V) 

The specific activity of catalase is expressed as U/mg protein by dividing the value 
obtained by the concentration of protein in the sample. One unit of catalase activity is defined 
as the amount of enzyme required to decompose one micromole of H2O2 per minute at 25oC 
and pH 7. 

 

2.7.1.3. Superoxide Dismutase Activity in testicular tissues 

Superoxide dismutase (SOD) was determined according to the method of Marklund 
and Marklund, (1974). The method depends on the spontaneous auto-oxidation of pyrogallol at 
alkaline pH, and the production of superoxide anion radical O2-.. This in turn enhances auto-
oxidation of pyrogallol. Auto-oxidation is manifested by an increase in absorbance at 420 
nm. The presence of SOD in the reaction medium leads to the removal of O2- according to 
the following equation: 

                                         2O2 - + 2H+              SOD            H2O2 + O2 

The inhibition of auto-oxidation of pyrogallol is linear up to 50% of the rate of the 
reaction. 

Reagents: 

[1] 20 mM Tris-HCl buffer containing 1 mM diethylene-triamine penta acetic acid (DTPA): 
3.152 g of Tris-HCl and 393.3 mg DTPA were dissolved in 800 ml of distilled water. 
Adjust to pH 8.2 at 25°C with 0.1M NaOH solution, then complete to 1 L with distilled 
water. 

[2] 20 mM Pyrogallol (1, 2, 3-benzenetriol):252.2 mg of pyrogallol was dissolved in 100 ml 
of hydrochloric acid 10 mM. 

[3] 0.1M Phosphated-buffered saline (PBS): 13.6 g of KH2PO4, 17.4 g K2HPO4 and 5.85 g 
NaCl were dissolved in 800 ml of distilled water. Adjust to pH 7.4 at 25°C with 1 M 
KOH, then complete to 1 L with distilled water. 

[4] A standard solution of SOD from horseradish: 5 ng/ µl standard solution was prepared 
using 0.1M PBS, pH 7.4. Standard curve was carried for a series of SOD concentrations 
ranging from 20-200 ng   
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Procedure: 

In a suitable spectrophotometer quartz cuvette with a 1cm light path maintained at 
30°C, 1 ml of Tris-HCl buffer was added followed by 10 µl of pyrogallol 20 mM and then 20 
µl of the sample. After mixing, the rate of increase in absorbance/min at 420 nm was 
recorded. A blank was similarly prepared by adding buffer instead of sample. 

Calculations: 

The change in absorbance at 420 nm/min/ml was determined. The concentration of 
SOD in the sample was determined from the standard curve as ng/ml.  

The specific activity of SOD is expressed as ng/min/mg protein by dividing the value 
obtained as ng/min/ml by the concentration of protein in the sample. 

One unit of SOD activity is defined as the amount of enzyme which inhibits the rate of 
autoxidation of pyrogallol by 50%. One unit of SOD activity equals 104 ng. The sample 
enzyme activity in units/mg protein was obtained by dividing the value obtained in 
ng/min/mg protein by 104. 

∆A/min/ml (Standard) 
Percentage inhibition of 
pyrogallol autoxidation 

=100 - 
∆A/min/ml (Blank) 

× 100 

The standard curve was carried by plotting SOD concentrations in ng versus the 
corresponding percentage of inhibition of pyrogallol autoxidation (Figure 13).  

 
 

 

 

 

 

 

 

 

 

 

 

 

Figure (13): Standard curve of SOD. 

2.7.1.4. Malondialdehyde concentrations in testicular tissues  

The extent of lipid peroxidation was assayed by the measurement of thiobarbituric 
acid reactive substances (TBARS) according to Yoshioka et al., (1979). The method is based 
on the determination of malondialdehyde (MDA) an end product of lipid peroxidation, which 
can react with thiobarbituric acid in acidic medium to yield a pink colored trimethine complex 
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(Figure 14) exhibiting an absorption maximum at 532 nm. The concentration of TBARS in 
the sample is calculated as nmole/g fresh tissue. 
 
 
 
 
 
 
 
 

 
 
 
 
 

Malondialdehyde-thiobarbituric acid adducts. 
Figure (14): The chemical reaction between TBA and MDA to yield the TBA-MDA adduct 

Reagents: 
[1] 
 

20 % (W/V)Trichloroacetic acid (TCA):20 g TCA was dissolved in distilled water 
and the volume adjusted to 100 ml. 

[2] 0.67%Thiobarbituric acid (TBA): 0.67 g TBA was dissolved in distilled water and put 
in warm water bath, then the volume was adjusted to 100 ml (freshly prepared). 

[3] Reagent blank: 0.5 ml TCA 20 % (W/V) was added to 1ml TBA 0.67%.  

Procedure: 

In a dry test tube, 1 ml of TCA 20 % (W/V) was added to 0.1 ml testes homogenate 
and shaken and left for 5 min then centrifuged at 5000 rpm for 5 min. In another test tube 0.5 
ml of the supernatant was pippeted then, 1 ml of TBA was added and the mixture was boiled 
for 15 min in a water bath. The test tube was cooled at room temperature and the color 
measured against reagent blank at 535 nm. 

Calculation: 

Absorbency 
Concentration of MDA, n mol/ml 
homogenate                                      = MEC 

× df 

Where dilution factor (df) = 1/10 

Molar extinction coefficient (MEC) = 149000 mol-1 cm-1  

The concentration of MDA in samples was determined in nmol/ml homogenate and 
was divided by the protein concentration in the homogenate sample to obtain the 
concentration in nmol MDA /mg protein. 
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2.7.1.5. Nitric oxide concentrations in mitochondrial matrix:  

Total nitrite concentration was determined spectrophotometrically by converting 
nitrate to nitrite using metallic cadmium as reducing agent according to the method described 
by Montgomery and Dymock, (1961) and Schmidt et al., (1995). 

In aqueous solution, nitric oxide is rapidly converted to nitrate and nitrite according to 
the following equations: 

NO + O2
-                 ONOO-      H+ NO3

-    +  H+      Cd       NO2
-  

    
2NO + O2                N2O4        

H
2
O      NO2

-   + NO3
- + 2H+      Cd     NO2

-  
    
NO + NO2

-              N2O3   
         H

2
O  2NO2

- + 2H+ 

Reagents:  

[1] Granulated cadmium: A 25 g cadmium bead was weighted. 

[2] 
30% (w/v)Zinc sulfate (ZnSO4) solution: 30 mg ZnSO4 was dissolved in 100 ml distilled 
water. 

[3] 
Color reagent 1 {10 mmol/l Sulfanilamide (p-Aminobenzenesulfonamide) }:172.2 mg 
sulfanilamide was dissolved in 100 ml of 3N Hcl. 

[4] 
Color reagent 2{1 mmol/l N-(1-Naphthyl) ethylenediamine dihydrochloride (NEDD) 
}:2.592 mg NEDD was dissolved in 10 ml deionized water. 

[5] 
100µmol/l Nitrite standard {sodium nitrite (NaNO2)}: 0.069 mg NaNO2 was dissolved in 
10 ml deionized water. 

[6] 
0.1 M Ammonium hydroxide NH4OH: 350.5 mg NH4OH was dissolved in 100 ml 
deionized water. 

[7] 
Cadmium bead washing solutions: Prepare equal volumes of 0.1M HCl and 0.1M 
NH4OH. 

Procedure:  

Cadmium (Cd) beads were washed with H2O (2 x 1 ml); 0.1M HCl (2 x 1 ml) and 0.1 
M NH4OH, pH 9.6 (2 x 1 ml) before use. In an eppendorf 10 µl of mitochondrial matrix were 
adjusted to 190 µl with water, and then 10 µl of 30% ZnSO4 solution were added. The 
samples were vortexed, incubated at room temperature (RT) for 15 min and centrifuged at 
4.000 rpm for 5 min. The resulting supernatants were then transferred to centrifuge tubes 
containing 0.5 g dry granulated Cd (about 6-7 beads) and incubated at RT overnight with 
agitation. The samples were transferred to clean centrifuge tubes, centrifuged again, and the 
supernatants subsequently assayed for NO2 content. Aliquots of 20 µl were brought to 100 µl 
by addition of water then 1ml of color reagent 1 was added and tubes shaken and allowed to 
stand for 5 min. This was followed by the addition of 100 µl color reagent 2, shaken for 5 min 
at RT. The absorbance read at 540 nm (A sample). 

Standard: 100 µl of standard was added to 1ml color reagent 1, shaken and allowed to 
stand for 5 min, followed by the addition of 100 µl color reagent 2, shaken for 5 min at RT, 
and the absorbance read at 540 nm (A standard). 
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A sample and standard blanks were prepeared using 100 µl of each (sample or 
standard), followed by were mixed, stood for 5 min at RT, and the absorbance were read 
(Bsample and B standard ). 

  

Calculation: 

A sample - B sample 
Testicular nitric oxide concentrations (µmol/l) = 

A standard - B standard 
× 100 

 
2.7.1.6. Total Glutathione Concentrations in Nuclear Matrix: 

Glutathione assay utilizes a carefully optimized enzymatic recycling method, using 
Glutathione Reductase, for the quantification of glutathione (Figure 20). The sulfhydryl group 
of Glutathione reacts with DTNB (5, 5’-dithiobis-2-nitrobenzoic acid, Ellman’s reagent) and 
produces a yellow colored 5-thio-2-nitrobenzoic acid (TNB). The mixed disulfide, GSTNB 
(between GSH and TNB) that is concomitantly produced, is reduced by glutathione reductase 
to recycle the GSH and produce more TNB. The rate of TNB production is directly 
proportional to this recycling reaction which is in turn directly proportional to the 
concentration of GSH in the sample. Measurement of the absorbance of TNB at 405 or 414 
nm provides an accurate estimation of total Glutathione in the sample (Beutler et al., 1963). 
a) 2GSH + DTNB                GSSG + 2TNB  
                                                       GR 

b) GSSG + NADPH + H+                 2GSH + NADP+  
                                                        GSH-GSSG GR 

c) DTNB + NADPH + H+                                      2TNB + NADP+   

                                 

Reagents: 
 
[1] Sodium phosphate/ EDTA solution: 20.49 g of 125 µmol sodium phosphate and 0.22 

g of 6.3 µmol EDTA were dissolved in 1 L distilled water. Adjust pH to7.5. 

[2] Precipitation solution: 1.67g glacial metaphosphoric acid (Gmpa), 0.2 g of disodium 
or dipotasium EDTA and 30 g of NaCl were dissolved in distilled water and the 
volume was made up to 100 ml. 

[3] 0.3 mM Nicotinamide adenine dinucleotide phosphate (reduced form; NADPH) 
buffer solution: 25.002 mg NADPH was dissolved in sodium phosphate/EDTA buffer 
solution 

[4] 6 mM 5.5 dithiobis 2-nitrobenzoic acid (DTNB): 237.808 mg DTNB was dissolved in 
100 ml of (sodium phosphate/EDTA buffer solution). 

[5] The glutathione standard solution (10-100 nmol/ml): 3.073 mg GSH was dissolved in 
100 ml of sodium phosphate/EDTA buffer solution and mixed well by vortexing to 
prepare the 100 nmol/ml stock solution. The other GSH standard dilutions were 
prepared from the stock solution throughout serial dilutions. 

[6] 200 U/ml Glutathione reductase solutions: Suspension in 3.6 M ammonium sulfate, 
10 mM potassium phosphate, pH 7.0. 

[7] The oxidized glutathione standard solution (2-20 nmol/ml): 1.2252 mg GSSG was 
dissolved in 100 ml of (sodium phosphate/EDTA buffer solution) and mix well by 
vortexing (20 nmol/ml), then other concentrations were prepared from this 
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concentration by dilution with sodium phosphate/EDTA buffer solution. 

[8] 2M 4-vinylpyridine solution: 2.1028 g of 4-vinylpyridine was dissolved in 10 ml 
ethanol (prepared in ethanol and it should be prepared and subsequently used only in 
a chemical fume hood). The unused portion was stored at 4°C.  

Procedure 

Previously prepared nuclear matrix were diluted 10-fold with sodium 
phosphate/EDTA Buffer then 200 µl from diluted clear supernatant were mixed with 700 µl of 
0.3 M NADPH buffer solution. After mixing, 100 µl of DTNB solution were added, the 
cuvette was capped and mixed thoroughly, then incubated at 30 ºC for 4 min. Then 2 µl of 
glutathione reductase solution (200 µ/ml) were added and mixed. The reaction was monitored 
in a spectrophotometer by measuring the change in absorbance (∆A/∆t) at (412) nm at 5 min 
intervals over a 30 min period.  

Standard glutathione: as above but instead of sample, 200 µl standard GSH (10-100 
nmol/ml) were added, then standard curve was plotted (Figure 15). 

 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (15): Standard curve of GSH. 

The total glutathione concentration was calculated for each sample from the standard 
curve. 
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2.7.1.7. Oxidized Glutathione Concentrations in Nuclear Matrix: 

The concentration of oxidized glutathione (GSSG) within the sample can be 
determined by derivitization of reduced glutathione by 4-vinylpyridine. Following a one hour 
incubation with 4-vinylpyridine, approximately 80% of reduced glutathione will contain non-
reactive pyridethyl cysteines. This method can then be used to quantitate the oxidized 
glutathione and any remaining GSH in the sample (Tietze, 1969). 

2µl of 4-vinylpyridine 2M was added per 100 µl of sample/standard and incubated for 
one hour at room temperture. The absorbance was record at 412 nm. 

 

 

 

 

 

 

 

 

 

Figure (16): Standard curve of GSSG 

A standard GSSG curve was carried with data from the 4-vinylpyridine treated standards. The 
standard oxidized glutathione concentrations ranged from 2-20 nmol/ml (Figure 16). The 
concentration oxidized glutathione (GSSG) was calculated from the standard curve. 

2.7.1.8. Reduced Glutathione Concentrations in Nuclear Matrix: 

The concentration of reduced glutathione (GSH) concentrations was calculated as follows:  

GSH concentration = Total GSH concentration – GSSG concentration 

2.7.2. Assay of Total Protein  

Total proteins were estimated in the testes homogenates according to the method 
described by Lowery et al. (1951).  

Principle: 

The color produced is thought to be due to a complex between the alkaline copper-
phenol reagents, tyrosine and tryptophan residues of the protein sample. The protein 
concentration in each sample was estimated by referring to a standard curve (Figure 17) 
which was constructed using bovine serum albumin (BSA). 
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Reagents: 

[1] 0.1N Sodium hydroxide (NaOH): 2.0 g of NaOH was dissolved in 500 ml of distilled 
water. 

[2] 2% Sodium carbonate (Na2CO3) (anhydrous): 2.0 g of Na2CO3 was dissolved in 100 ml 
of NaOH 0.1N. 

[3] 2 % (W/V)Potassium sodium tartrate: 2 g of K/Na tartrate was dissolved in distilled 
water and the volume was made up to 100 ml. 

[4] 1 % (W/V) Copper sulphate (CuSo4): 1 g of CuSo4 was dissolved in distilled water and 
the volume was made up to 100 ml. 

[5] Lowry C reagent: it was prepared immediately before use by mixing volumes of 
Na2CO3, Na/K tartrate and CuSo4 reagents in a ratio of 100:1:1.  

[6] Folin-Ciocalteu reagent: The working reagent was prepared by diluting the stock 
reagent 1:1(v/v) with distilled water immediately before use.  

Procedure: 

Aliquots of 10 µl of the diluted samples (1:10) were mixed with 2.5 ml of Lowry C-
reagent. After incubation for 10 min. at RT (in dark place), 0.25 ml of working Folin-
Ciocalteu reagent was added, mixed and incubated for 1 hour at RT, then the absorbance was 
read at 695 nm, using distilled water as a blank.  

The total protein concentrations in the samples were computed with reference to the 
protein standard curve Fig. (17). 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (17): Standard curve of total proteins. 
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2.7.3. Assay of Lipids 

2.7.3.1. Total cholesterol in serum:  

The total cholesterol (TC) content was determined after enzymatic hydrolysis and 
oxidation according to Richmound, (1973). The quinoneimine was formed from hydrogen 
peroxide and 4-aminophenazone in the presence of phenol and peroxidase. 

Reagents: 

Reagent 1 (Enzyme reagent): 

 

Phosphate buffer (pH 6.5) 

4-aminophenazone  

Phenol  

ATP 

Peroxidase 

Cholesterol esterase 

Cholesterol oxidase  

Sodium azide 

100 m mol\ l. 

0.25 m mol\ l. 

5 m mol\ l. 

1 m mol\ l. 

> 5 KU \ l 

> 150 U \ l. 

> 150 U \ l. 

0.05 %    

Reagent 2 (Standard): Cholesterol standard 200 mg\ dl. 

All reagents were stored at +2 to +8 ºC. 

Procedure 

One ml reagent 1 was transferred into test tube labeled unknown (S), reagent blank (B) 
and standard (St.). 

Standard or sample 10 µl were added to the appropriate tube. All tubes were shaken 
and incubated in water bath for 5 min at 37 ºC then, the absorbency of sample "A sample" and 
standard "A standard" were read against reagent blank at 546 nm.  

Calculation 

     A sample  
Serum total cholesterol (mg/dl) = 

     A standard 
× standard concentration  

 

2.7.3.2. High Density Lipoprotein Cholesterol (HDL-C) in serum and testicular tissues:  

The chylomicrons, very low density lipoprotein cholesterol (VLDL-C) and low 
density lipoprotein cholesterol (LDL-C) were determined according to (Friedwald et al., 
1972) by using phosphotungestic acid and magnesium chloride for precipitation out. After 
centrifugation, the supernatant fluid containing the high density lipoprotein-cholesterol (HDL-
C) fraction was assayed. 
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Reagents: 

Reagent 1  

(Precipitating solution): 

Phosphotungestic acid  

Magnesium chloride  

0.55 m mol\ l. 

25.0 m mol\ l. 

Reagent 2 (Standard): Cholesterol standard  50 mg\ dl. 

All reagents stored at +2 to +8 ºC. 

Procedure: 

- Preparation of supernatant fluid: In a dry centrifuge tube 0.5 ml sample were added to 1 ml 
of precipitant reagent. Mixed well and incubated for 10 min at RT then centrifuged for 10 
min. The clear supernatant fluid was separated. The cholesterol concentration was determined 
using the reagents of total cholesterol kits. 

- One ml of reagent (1) from total cholesterol kits was transferred into test tubes labeled 
unknown (S), reagent blank (B) and standard (St.). 100 µl of HDL-supernatant; distilled water 
or standard were added to the appropriate tube. All tubes were shaken and incubated for 20 
min at 20-25 ºC. Then absorbency of sample "A sample" and standard "A standard" were read 
against reagent blank at 546 nm.  

Calculation: 

     A sample  
HDL-C Concentration (mg/dl) = 

     A standard 
× Standard concentration  

In case of tissue the mg/dl was divided by the mg protein in the sample. 

2.7.3.3. Low density lipoprotein cholesterol (LDL-C) in serum and testicular tissues:  

The various classes of lipoprotein are differentiated according to their density. It was 
observed that addition of certain amphipathic polymers precipitated lipoprotein fractions 
specifically. Low density lipoprotein was determined according to (Steinberg, 1981).  

Reagents: 

The reagents used in this experiment were a diagnostic kits produced by Biocon, 
Germany. 

Reagent 1 (LDL-C 
precipitating solution): 

 

Polyclic anionic surfactant 

Poly condensed poly cyclic anionic 
surfactant  

Poly substituted dioxane  

Immidazol buffer pH 6.1 

0.4 g\l. 

0.8 g\l.   

 

12.4 m mol\ l. 

25 m mol\ l. 

Reagent 2 (LDL-C Trisodium citrate  0.15 m mol\ l. 
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solubilizing reagent): Sodium chloride  0.11 m mol\l. 

Reagent 3 (LDL-cholesterol 
calibrating solution): 

Free estrified  

Cholesterol 

1.00 m mol\l. 

38.70 mg\dl. 

All reagents stored at +2 to +8 ºC.  

Procedure: 

- One ml of LDL-C precipitating solution was transferred into test tube and 50 µl samples 
were added. Mixed well and let for 30 min at 2-8 °C then centrifuged for 5 min at 4000 rpm. 
The supernatant was separated from the centrifugation pellet by inversion of the tube; the 
centrifugation pellet was solubilized in 0.5 ml of reagent 2. The solubilized cholesterol 
concentration was determined using the reagents of total cholesterol kits.  

- One ml reagent (1) of total cholesterol kits was transferred into test tubes labeled unknown 
(S), reagent blank (B) and standard (St.). 100 µl of sample; distilled water or standard were 
added to the appropriate tube. All tubes were shacked and incubated for 5 min at 37 ºC. Then 
absorbency of sample "A sample" and standard "A standard" were read against reagent blank at 
546 nm.  

Calculation: 

A sample 
LDL-C Concentration (mg/dl) = 

A standard 
× n 

Where n = 387    mg/dl according to serum and homogenate dilution. In case of tissue 
the mg/dl was divided by the mg protein in the sample. 

And determine relative LDL/HDL ratio in serum and tissue as following.   

 LDL-C  
Relative LDL-C/HDL-C ratio = 

 HDL-C 
× 10 

3.7.3.4. Very low density lipoprotein cholesterol (VLDL-C) in serum: 

Very low density lipoprotein cholesterol (VLDL-C) was calculated following Friedewald et 
al. (1972). 

Calculation of VLDL :  

T.G 
VLDL- C concentration (mg/dl) = 

5 

 

2.7.3.5. Triacylglycerols in serum: 

The triacylglycerols (TG) were determined after enzymatic hydrolysis with lipase as 
described by Koditschek and Umbreit (1969). The quinoneimine formed from hydrogen 
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peroxide, 4-aminoantipyrine and 4-cholorophenol under the catalytic influence of peroxidase 
was monitored at 546 nm. 

Reagents: 

Reagents used in this experiment were diagnostic kits produced by Biocon, Germany. 

[1] Buffer solution (reagent 1) : 

 

Pipes buffer (pH 7.5) 

4-cholorophenol 

Magnesium ions 

ATP 

Lipase 

Peroxidase 

Glycerol kinase 

Sodium azide 

40 m mol\ l. 

5 m mol\ l. 

5 m mol\ l. 

1 m mol\ l. 

>150 m mol\ l. 

> 0.5 m mol\ l.  

> 0.4 m mol\ l. 

0.05 %    

[2] Enzyme reagent (reagent 2) : 4-amino-antipyrine 

Glycerol-3-phosphate oxidase 

Sodium azide 

0.4 m mol\ l. 

>1.5 U\ ml. 

0.05 % 

[3]  Standard (reagent 3) : Triacylglycerols 200 mg\ dl. 

[4] Working solution: Enzyme 0.25 ml was pippeted into one bottle buffer 
solution and mix carefully. 

-All reagents stored at +2 to +8 ºC. 

Procedure:  

One milliter working solution was transferred into test tube labeled sample (s), blank 
(B) and standard (St.).Standard (200 mg/dl) or sample 10 µl were added to the appropriate 
tube. Shaked and incubated in water bath for 5 min at 37 ºC then, the absorbency of sample 
"A sample" and standard "A standard" were read against reagent blank at 546 nm.  

Calculation:- 

A sample Triacylglycerols concentrations 
(mg/dl) = 

A standard 
× standard concentration  
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2.7.4. Assay of Apoptosis 

 

2.7.4.1. Percentage of DNA fragmentation.  

The percentage of DNA fragmentation in testicular tissues was determined with 
diphenylamine following the method described by Paradones et al. (1993). 

Reagents: 

 

 [1] Tris-HCl stock buffer (TE) 1M: 15.76 g of Tris-HCl was dissolved in 80 ml of 
distilled water. Adjust to pH 7.4 at the same temperature at which it would be 
used, as the pH varies with temperature: about 0.028 pH units per 1°C with 0.1M 
NaOH solution, and then volume was completed to 100 ml with distilled water. 

[2] Tris-HCl EDTA solution (TTE): 37.22 g of EDTA was dissolved in100 ml TE 
buffer 10 mM pH 7.4 (prepared by diluting stock solution with 0.2 % Triton X-
100), store at 4 °C. 

[3] 5 % (w/v) Trichloroacetic acid (TCA): 5 g TCA was dissolved in distilled water 
and the volume adjusted to 100 ml. 

[4] 25 % (w/v) Trichloroacetic acid (TCA): 25 g of TCA was dissolved in distilled 
water and the volume adjusted to 100 ml. 

[5] Acetaldehyde solution: Stock solution16 mg/ml. 

[6] Diphenylamine (DPA) solution: 10 ml glacial acetic acid was added to 150 mg 
DPA in a 50 ml polypropylene tube and mix throughly by repeated inversion until 
complete dissolution. Then 150 µl concentrated sulfuric acid was added and mix 
throughly. Then 50 µl acetaldehyde solution was added and mix thoroughly. 

Procedure: 

Testes homogenate (1.0 ml) was transferred to tube labeled B (Bottom). Then; they 
were centrifuged at 200 xg at 4°C for 10 min. The supernatant was transferred carefully to 
tube labeled S (Supernatant). One ml TTE solution was added to the pellet in tubes B and 
vortexed vigorously. This procedure allowed the release of fragmented DNA from intact 
chromatin from nuclei, after cell lysis and disruption of the nuclear structure. Tubes B were 
centrifuged at 20,000 xg for 10 min at 4°C.  

The supernatants were transferred carefully to new tubes labeled T. One ml TTE 
solution was added to the small pellet in tubes B. One ml of 25% TCA was added to tubes T, 
B and S and vortexed. Precipitation was allowed to proceed over night at 4°C. After 
incubation, precipitated DNA was recovered by pelleting for 10 min at 20,000 xg at 4°C. 
Supernatants were discarded by aspiration. 
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DNA was hydrolyzed by adding 160 µl of 5% TCA to each pellet and heating 15 min 
at 90°C in a heating block. A Blank was prepared with 160 µl of 5% TCA alone. Freshly 
prepared DPA solutions, (320 µl) were added to each tube, then vortexed. 

Color was allowed to develop for about 4 hours at 37°C or overnight at room 
temperture. Aliquots two 200 µl of colored solution from each tube were transferred to a well 
of a 96-well microtitre plate and they were read at 578 nm with ELISA reader; a blank was 
sited to zero. 

 

Calculation:  

The percentage of fragmented DNA was calculated using the formula: 

AS+AT 
% fragmented DNA = 

AS+AT+AB 
× 100 

Where AS, AT and AB are the absorbance at 578 nm of fragmented DNA in S, T and B 
fractions. 

 

2.7.4.2. Calcium ions (Ca2+) in mitochondria of testicular tissues: 

Calcium concentration in mitochondria was determined by atomic absorption 
according to Pecsok et al., (1972) and Robinson, (1981).  

Reagents:  

 [1] 8 M Hydrochloric acid (HCl). 

[2] Lanthanum oxide (La2O3): 58.64 g La2O3 was dissolved in 50 ml deionized water and 
was diluted to one liter with deionized water. 

[3] 8 µg/ml of Calcium ion (Ca2+) atomic absorption standard stock solution:  

Preparation of the sample: 2g from mitochondrial fraction were transferred to 
Erlenmeyer flask, then 25 ml of HCl 8M were added, then boiled slowly on a hot plate for 5 
min then cooled (to release the metals in a soluble form from mitochondria for determination). 
Then filtered through Whatman number 1 filter paper. The filtrate was transferred to a 50 ml 
volumetric flask, and diluted to the mark with deionized water. 

Ten ml from the previous diluted filtrate were added in 50 ml volumetric flask, then 
20 ml of 8M HCl were added and 10 ml La2O3 solutions, then 10 ml deionized water were 
added) (Sample). 

Ca2+ concentration was determined using a calibration curve (Figure 18). Different 
concentrations were prepared from Ca2+ stock solution (8 µg/ml of Ca2+), (0.2-8.0) µg/ml. 
These diluted solutions were freshly prepared each day. 50 ml 8M HCl and 20 ml La2O3 were 
added to each concentration.  

The prepared samples and the diluted standards were aspirated into the flame and the 
absorbances were recorded. 
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Ca2+ concentrations (µg/ml) 

Figure (18): Standard curve of Ca2+ 

2.7.4.3. Transmission electron microscopy 

Preparation of testis samples for electron microscope: 

Testis specimens were prepared for electron microscopy by the methods 
recommended by Weakley (1981), as follows: 

a) Fixation: 

In the present investigation, the double fixation technique was used. Testis tissues 
were cut into cubic specimens 1 mm. in diameter by sharp blades. Specimens put in 2% 
glutaraldehyde solution buffered with 0.2 M sodium cacodylate (i.e. v/v) for 2hr. at 4oC 
followed by washing with sucrose solution 4% buffered with 0.2 M sodium cacodylate (i.e. 
v/v) for 2hr. at 4oC. 

Postfixation: testis specimens were put in 2% osmic tetroxide solution buffered with 
0.3 M sodium cacodylate (i.e. v/v) for 2hr. at 4oC followed by washing with distilled water 
several times. 

b) Dehydration: 

Testis specimens were dehydrated through a grade ethanol series 30%, 50%, 70% each 
for 15 min. then the dehydration was completed using 95% ethanol and absolute ethanol also 
for 15 min. at room temperature. 

c) Embedding:  

Epoxy resins (Sppur Kit) were used for embedding. Use of this resin overcame many 
problems, reduces shrinking and polymerization damage, gas bubbles are not a problem, the 
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supplementation rate of the resin when exposed to the electron beam is low and sections of 
epoxy-resin-embedded sample are strong enough to be mounted on grids without a supporting 
membrane, it is also clear and well transparent to the electron beam. 

 

d) Polymerization: 

 Epoxy-resin-embedded capsules were left in an oven at 600C for 18 h. 

e) Cutting:  

Ultra-thin sections were cut with 6mm glass knives to get sections 7000A in thickness 
using LKB UlteratomeIII, belonging to The National Center for Radiation Research and 
Technology. 

f) Double staining: 

Ultra thin sections are usually contrasted with uranyl acetate then lead citrate.  

i. Unranyl acetate:  

• The solution was centrifuged for 10 min. and filtered. 

• With dropper, a little solution was drawn from underneath the surface and distributed in crystal vials 
with the section. 

• Side up and covered by the crystal vials. The staining time was 10-15 min. 

• Each grade was rinsed in three successive glass bottles containing filtered distilled water. 

• The grades, sections side up, were put on a filter paper in a Petri dish for drying.  

ii. Lead citrate: 

• Lead citrate solution was centrifuged for 10 min. 

• In a Petri dish containing a layer of soda tablets, a small saucer whose bottom is covered with a 
dental wax layer was used. 

• Lead citrate drops were placed on the wax according to the number of grades to be stained. 
Grades were floated with the section side down against the lead citrate drops where staining 
time was 5-10 min. 

• The grades were rinsed in a 0.02N soda solution prepared extemporaneously then rinsed in three 
successive filtered distilled water baths.  

g) Examination and photography: 

Ultra-thin sections were viewed, examined and photographed with JEOL (JEM 100CX) 
Transmission electron microscope, at The National Center for Radiation Research and 
Technology (NCRRT). 

2.8. Statistical analysis  
The data were given as individual values and as means (X) ± standard deviation (SD) 

for animals in each group. Comparisons between the means of various treatment groups were 
analyzed using least significant difference (LSD) test. Differences were considered significant 
at P < 0.05. All statistical analyses were performed using the statistical software SPSS, 
version 11.5.  
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1- Arithmetic mean( )Χ : 

n

ΣΧ=Χ                   

Where:  

ΣX = sum of individual values of the variant. 

n = number of values or observations. 

2- Standard deviation (SD): 

( )
1

2
2

−

ΧΣ−ΧΣ
=

n
nSD  

Where:  

2
ΧΣ     = sum of the square of observations. 

( )2
ΧΣ  = square of the sum of observations. 

n-1= number of observations minus one, representing the degree of freedom (df) for the 
sample. 

3- Standard Error (SE):  

n

SD
SE =  

Where: 

n  = square root of the number of values. 

4- Percentage of Change: 

This is the ratio between the experimental and control values, calculated in percent as 
the following equation 

  
100%

2

21 ×
Χ

Χ−Χ=Change  

Where: 

1Χ  : The arithmetic mean of individual values of the variant. 

2Χ : The arithmetic mean of individual values of the control. 
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5-Duncan Multiple Range Test for comparative of means: 
If the F values are significant, means compared with each other using Duncan 

Multiple Range test according to Duncan (1955) as follows: 

Duncan value at P < 0.05 = T d.f error X √ 2 σ /n 

Where: 

σ 2 = ∑ X2 — (∑ X)2 / n. 

6- Student “t” test: 
The validity between time intervals was calculated using the student “t” test: 

2
2

2
1

21

)()( SESE
t

+
Χ−Χ=  

Where: 

1Χ      = First population mean. 

2Χ      = Second population mean. 

SE1    = Standard error of the first population. 

SE2    = Standard error of the second population. 

The values obtained from this equation where then checked in the student “t” table in order to 
find out the level of significant “p”value. 
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3. RESULTS 

3.1. Assessment of Apoptosis  

3.1.1. DNA fragmentation  

The percentage of DNA fragmentation (DNA.F) in the testicular tissues of different 
groups are presented in Table 2 and Fig.19.There were marked significant elevations in % 
DNA.F (p<0.05) in R group by about 143.00 % as compared to C group.  

The results showed that, sham groups CA, CH or CAH groups exhibited a non-
signficant (p> 0.05) increase in of DNA.F by about 1.20 %, 0.40 % and 1.80 %, respectively, as 
compared to C group. 

The A and H treated groups either separately or collectively (AH) group exihibted a 
non-significant elevations (p>0.05) in DNA.F by about 1.00 %, 4.90 % and 2.50 %, 
respectively, as compared to C group. 

AR and RA groups showed a significant decrease in DNA.F by about 50.00 % and 
49.00 %, respectively, as compared to R group.  

HR and RH groups showed a significant decrease (p< 0.05) in the DNA.F by about 
51.00 % and 49.5 %, respectively, as compared to R group. 

AHR and RAH groups showed a significant decrease (p< 0.05) in the DNA.F by about 
52.00 % and 50.00 %, respectively, as compared to R group, the LSD value = 0.56 and F value 
= 123.50. 
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TABLE 2. Testicular DNA fragmentation in the differ ent groups. 

Significance 
% Difference of 

DNA.F compared 
to R group 

% Difference of 
DNA.F compared to 

C group 
Mean± SD 

Animals 
groups 

a  0.00 % 5.13± 0.50 C 

b 0.00 % + 142.90 % 12.46± 1.20 R 

a  + 1.17 % 5.19± 0.30 CA 

a  + 0.97 % 5.18± 0.51 A 

c - 50.30 % + 20.66 % 6.19± 0.60 AR 

c - 48.80 % + 46.15 % 6.38± 0.61 RA 

a  + 0.40 % 5.15± 0.25 CH 

a  + 4.87 % 5.38± 0.51 H 

c - 51.00 % + 18.91 % 6.10± 0.60 HR 

 c - 49.50 % + 22.61 % 6.29± 0.60 RH 

a  + 1.75 % 5.22± 0.14 CAH 

a  + 2.53 % 5.26± 0.51 AH 

c - 52.20 % + 15.98 % 5.95± 0.56 AHR 

c - 50.30 % + 20.66 % 6.19 ± 0.59 RAH 

F Value= 123.50 LSD= 0.56 

Similar characters denote insignificance between groups. 
The mean difference is significant at P≤ 0.05. 

C= Control group (6 rats). R= irradiated group (12 rats). CA= Contol allopurinol group (6 
rats). A= Allopurinol group (12 rats). AR= Allopurinol pre-treated group (12 rats). RA= 
Allopurinol post-treated group (12 rats).CH= Contol hesperidin group (6 rats). H= Hesperidin 
group (12 rats). HR= Hesperidin pre-treated group (12 rats). RH= Hesperidin post-treated 
group (12 rats). CAH= Contol allopurinol + hesperidin group (6 rats). AH= allopurinol + 
hesperidin group (12 rats). AHR= Allopurinol + hesperidin pre-treated group (12 rats). 
RAH= Allopurinol + hesperidin post-treated group (12 rats). 
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Figure (19): Testicular DNA fragmentation in all different studied groups. 
 
C= Control group (6 rats). R= irradiated group (12 rats). CA= Control allopurinol group (6 
rats). A= Allopurinol group (12 rats). AR= Allopurinol pre-treated group (12 rats). RA= 
Allopurinol post-treated group (12 rats).CH= Control hesperidin group (6 rats). H= 
Hesperidin group (12 rats). HR= Hesperidin pre-treated group (12 rats). RH= Hesperidin 
post-treated group (12 rats). CAH= Control allopurinol + Control hesperidin group (6 rats). 
AH= allopurinol + hesperidin group (12 rats). AHR= Allopurinol + hesperidin pre-treated 
group (12 rats). RAH= Allopurinol + hesperidin post-treated group (12 rats). 

 

 

 

 

 

 

 



3. Results 

 
 

 53 

3.1.2. Calcium ions (Ca2+) in mitochondrial matrix 

The changes in testicular mitochondrial calcium ions levels (Ca2+) (µg/ml) in different 
animal groups are shown in Table 3 and Fig.20.The presented data showed that R group 
exhibited a significant increase (p< 0.05) in testicular mitochondrial Ca2+ levels by about 186.00 
% as compared to C group. 

The results showed that, sham CH and CAH groups exhibited a non-signficant (p> 0.05) 
decrease in testicular mitochondrial Ca2+ levels by about 3.00 % and 1.50 %, respectively, 
while, CA group exhibited a non-signficant (p> 0.05) increase by about 1.50 % as compared to 
C group.  

The treated groups either A, H or AH exhibited a non-significant increase (p> 0.05) in 
testicular mitochondrial Ca2+ levels by about 7.60 %, 4.60 % and 3.00 %, respectively, as 
compared to C group. 

The AR and RA groups exhibited a significant decrease (p< 0.05) in the mitochondrial 
testicular Ca2+ levels by about 55.00 % and 50.00 %, respectively, as compared to R group. 

HR and RH groups showed a significant decrease (p< 0.05) in the mitochondrial 
testicular Ca2+ levels by about 49.00 % and 48.00 %, respectively, as compared to R group. 

AHR and RAH groups revealed a significant decrease (p< 0.05) in the mitochondrial 
testicular Ca2+ levels by about 56.00 % and 50.00 %, respectively, as compared to R group, the 
LSD value = 0.085 and F value = 148.70. 
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TABLE 3. Testicular mitochondrial calcium ions level mg/ ml of different groups. 

Significance 
% Difference 
compared to 

irradiated group 

% Difference 
compared to control 

group 
Mean± SD 

Animals 
groups 

a  0.00 %  0.66± 0.066 C 

b 0.00 % + 186.36 % 1.89± 0.19 R 

a  + 1.52 % 0.67± 0.065 CA 

a  + 7.58 % 0.71± 0.07 A 

c - 55.00 % + 28.79 % 0.85± 0.085 AR 

d - 50.30 % + 42.42 % 0.94± 0.092 RA 

a  - 3.03 % 0.64± 0.067 CH 

a  + 4.55 % 0.69± 0.074 H 

d - 48.70 % + 46.97 % 0.97± 0.10 HR 

d - 47.60 % + 50.00 % 0.99± 0.10 RH 

a  - 1.52 % 0.65± 0.067 CAH 

a  + 3.03 % 0.68± 0.064 AH 

c - 55.60 % + 27.27 % 0.84± 0.086 AHR 

d - 50.30 % + 42.42 % 0.94 ± 0.091 RAH 

F Value= 148.70 LSD= 0.085 

Similar characters denote insignificance between groups. 
The mean difference is significant at P≤ 0.05. 

C= Control group (6 rats). R= irradiated group (12 rats). CA= Contol allopurinol group (6 
rats). A= Allopurinol group (12 rats). AR= Allopurinol pre-treated group (12 rats). RA= 
Allopurinol post-treated group (12 rats).CH= Contol hesperidin group (6 rats). H= Hesperidin 
group (12 rats). HR= Hesperidin pre-treated group (12 rats). RH= Hesperidin post-treated 
group (12 rats). CAH= Contol allopurinol + hesperidin group (6 rats). AH= allopurinol + 
hesperidin group (12 rats). AHR= Allopurinol + hesperidin pre-treated group (12 rats). 
RAH= Allopurinol + hesperidin post-treated group (12 rats). 

 
 
 
 
 
 

 

 



3. Results 

 
 

 55 

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2

C R CA A AR RA CH H HR RH CAH AH AHR RAH

Different studied groups

T
es

tic
ul

ar
 m

ito
ch

on
dr

ia
l c

al
ci

um
 io

n 
le

ve
ls

 (
m

g/
m

l)

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure (20): Testicular mitochondrial calcium ion levels (mg/ml) of all different studied 

groups. 
 
C= Control group (6 rats). R= irradiated group (12 rats). CA= Control allopurinol group (6 
rats). A= Allopurinol group (12 rats). AR= Allopurinol pre-treated group (12 rats). RA= 
Allopurinol post-treated group (12 rats).CH= Control hesperidin group (6 rats). H= 
Hesperidin group (12 rats). HR= Hesperidin pre-treated group (12 rats). RH= Hesperidin 
post-treated group (12 rats). CAH= Control allopurinol + Control hesperidin group (6 rats). 
AH= allopurinol + hesperidin group (12 rats). AHR= Allopurinol + hesperidin pre-treated 
group (12 rats). RAH= Allopurinol + hesperidin post-treated group (12 rats). 

 

 

 

 

 

 

 



3. Results 

 
 

 56 

3.1.3. Electron microscopy examination 

 Histological examination through electron microscope of a section in the testis of CA, 
CH, and CAH as well as A, H and AH treated rats appeared normal with no changes in the 
ultrastructure configuration.  

 On the other hand whole body exposure of rats to 2Gy delivered every other day up to a 
total dose of 8Gy industed drastic damage: degeneration of sertoli cells, swelling mitochondria 
appearing as empty vesicles, highly degenerated spermatids and cluster of spermatids with 
characterized a crosomal cap, deteriorated cytoplasm and cytoplasmic tag, blebbing of cells, 
abnormal nuclei containing condensed chromatin 

 Treatment with A only, H only or with A + H either pre or post exposure to ionizing 
radiation showed significant amelioration of the radiation-induced damage in the ultrastructure 
of testicular tissues. The improvement was nearly similar  for all treatments 

 

 

 

 

 

 

 

 

 

 

 

 

 



3. Results 

 
 

 57 

 

 

 

 

 

 

 

 

 

 

Electron micrograph (1) of a section in the testis of control rat showing the thin basement 
membrane (BM) surrounding the seminiferous tubule.Sertoli cells (st) with indented 
euchromatic nuclei (N), Spermatid (sp) and Spermatocyte (cy) were seen. Spermatogonia 
(g) appear with ovoid nucleus (X-6000)  

 

 

 

 

 

 

 

 

 

 

 

Electron micrograph (2) of a section in the testis of irradiated rat (single dose 2Gy) 
showing degeneration of sertoli cells (st) which contain swelling mitochondria (m) (X-
8000).  
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Electron micrograph (3) of a section in the testis of irradiated rat (4Gy dose) showing 
degeneration of spermatids, (SP) and cluster of spermatids with characterized acrosomal 
cap (c) (X-8000)  

 

 

 

 

 

 

 

 

 

 

Electron micrograph (4) of a section in the testis of irradiated rat (6Gy dose) showing 
degenerated spermatids, (SP) and cytoplasmic tags (t) X-8000). 
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Electron micrograph (5) of a section in the testis of irradiated rat (8Gy dose) showing 
highly degenerated spermatids, (SP) with deteriorated cytoplasm and blebbing of nuclear 
membrane (arrow), mitochondria appear as empty vesicles and spermatocytes (cy) with 
nuclei contain clumps of heterochromatin(X-8000).  

 

 

 

 

 

 

 

 

 

 

Electron micrograph (6) of a section in the testis of irradiated rat (10Gy dose) showing 
highly degenerated spermatids, (SP) with abnormal nuclei (N) which contain condensed 
heterochromatin (X-8000). 
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Electron micrograph of (7) a section in the testis of rats receiving allopurinol showing 
transverse sections of sperm tails and spermatids, (SP) in different developmental stages. 
Primary spermatocytes show some vacuoles (v) and few organelles. While sertoli cell (st) 
appears with indented nucleus and prominent nucleolus (X-6000) 

 

 

 

 

 

 

 

 

 

 

 

Electron micrograph (8) of a section in the testis of rats receiving allopurinol before 
exposure to fractionated γ-irradiation (8Gy) showing regeneration of spermatids, (SP) 
with healthy nuclei (N) and healthy sperm (arrow) (X-8000) 
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Electron micrograph (9) of a section in the testis of rats receiving allopurinol after 
exposure to fractionated γ-irradiation (8Gy) showing regeneration of spermatids, (SP) and 
unhealthy sperm (arrow) (X-8000)  

 

 

 

 

 

 

 

 

 

 

Electron micrograph (10) of a section in the testis of rats receiving hesperidin showing 
transverse sections of spermatids, (SP) with large euchromatic nuclei and their cytoplasm 
contains peripherally located mitochondria (X-6000)  
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Electron micrograph (11) of a section in the testis of rats receiving hesperidin before 
exposure to fractionated γ-irradiation (8Gy) showing regeneration of spermatids, (SP) 
with healthy mitochondria (m) and nucleus (N) (X-3600)  

 

 

 

 

 

 

 

 

 

 

Electron micrograph (12) of a section in the testis of rats receiving hesperidine after 
exposure to fractionated γ-irradiation (8Gy) showing relatively regeneration of 
spermatids, (SP) with still damaged sertoli cells which contained condensed 
heterochromatic nucleus (N) (X-3600) 
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Electron micrograph (13) of a section in the testis of rats receiving allopurinol+ hesperidin 
showing transverse sections of healthy spermatids, (SP) with rounded nuclei (N) and their 
cytoplasm contains peripherally located mitochondria (X-6000)  

 

 

 

 

 

 

 

 

 

 

Electron micrograph (14) of a section in the testis of rats receiving allopurinol + 
hesperidine before exposure to fractionated γ-irradiation (8Gy) showing mostly 
regeneration of spermatids, (SP) having helthy nuclei (N) with healthy sperm (arrow) 
were also seen (X-8000) 
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Electron micrograph (15) of a section in the testis of rats receiving allopurinol + 
hesperidine after exposure to fractionated γ-irradiation (8Gy) showing healthy spermatids 
(SP) , recovery of sperm (arrow) and regeneration of mitochondria (m) (X-8000) 
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3.1.4. Relative testes/body weight ratio  

The percentage of changes in testes/body weight ratios of different animal goups are 
shown in Table 4 and Fig.21.  

There were marked significant reductions in relative testes/body weight ratio (p<0.05) in 
R group by about 53.00 % as compared to C group.  

The results showed that, either CH or CAH exhibited a non-signficant (p> 0.05) 
increase in relative testes/body weight ratio by about 0.20 % and 0.10 %, respectively, while, 
CA group exhibited a non-signficant (p> 0.05) decrease by about 0.20 % as compared to C 
group. 

The rats treated either with A or H showed a non-significant decrease (p>0.05) in 
relative testes/body weight ratio by about 0.80 % and 0.10 %, respectively, while, AH group 
showed a non-significant increase (p>0.05) by about 0.30 % as compared to C group. 

AR and RA groups showed a significant increase (p< 0.05) in relative testes/body 
weight ratios by about 53.00 % and 48.00 %, respectively as compared to R group. 

HR and RH groups showed a significant increase (p< 0.05) in the relative testes/body 
weight ratios by about 49.00 % and 47.00 %, respectively as compared to R group. 

AHR and RAH groups showed a significant increase (p< 0.05) in the relative 
testes/body weight ratio by about 58.00 % and 69.00 %, respectively as compared to R group, 
the LSD value = 2.05 and F value = 63.20. 
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TABLE 4. Relative testes/ body ratio of different groups. 

Significance 
% Difference 
compared to 

irradiated group 

% Difference 
compared to control 

group 
Mean± SD 

Animals 
groups 

a  0.00 % 9.38± 0.90 C 

b 0.00 % - 53.30 % 4.38± 0.42 R 

a  - 0.21 % 9.36± 0.88 CA 

a  - 0.75 % 9.31± 0.89 A 

c 53.40 % - 28.36 % 6.72± 0.64 AR 

c 48.40 % - 30.70 % 6.50± 0.62 RA 

a  + 0.21 % 9.40± 0.93 CH 

a  -  0.11 % 9.37± 0.90 H 

c 49.10 % - 30.38 % 6.53± 0.70 HR 

 c 46.80 % - 31.45 % 6.43± 0.61 RH 

a  + 0.11 % 9.39± 0.91 CAH 

a  + 0.32 % 9.41± 0.90 AH 

c 58.00 % - 26.23 % 6.92± 0.63 AHR 

c 69.40 % - 20.90 % 7.42 ± 0.63 RAH 

F Value= 63.20 LSD= 2.05 

Similar characters denote insignificance between groups. 
The mean difference is significant at P≤ 0.05. 

C= Control group (6 rats). R= irradiated group (12 rats). CA= Contol allopurinol group (6 
rats). A= Allopurinol group (12 rats). AR= Allopurinol pre-treated group (12 rats). RA= 
Allopurinol post-treated group (12 rats).CH= Contol hesperidin group (6 rats). H= Hesperidin 
group (12 rats). HR= Hesperidin pre-treated group (12 rats). RH= Hesperidin post-treated 
group (12 rats). CAH= Contol allopurinol + hesperidin group (6 rats). AH= allopurinol + 
hesperidin group (12 rats). AHR= Allopurinol + hesperidin pre-treated group (12 rats). 
RAH= Allopurinol + hesperidin post-treated group (12 rats). 
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Figure (21): Relative testes/body ratio of all different studied groups. 
 

C= Control group (6 rats). R= irradiated group (12 rats). CA= Control allopurinol group (6 
rats). A= Allopurinol group (12 rats). AR= Allopurinol pre-treated group (12 rats). RA= 
Allopurinol post-treated group (12 rats).CH= Control hesperidin group (6 rats). H= 
Hesperidin group (12 rats). HR= Hesperidin pre-treated group (12 rats). RH= Hesperidin 
post-treated group (12 rats). CAH= Control allopurinol + Control hesperidin group (6 rats). 
AH= allopurinol + hesperidin group (12 rats). AHR= Allopurinol + hesperidin pre-treated 
group (12 rats). RAH= Allopurinol + hesperidin post-treated group (12 rats). 
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3.2. Assessment of oxidative stress  

3.2.1. Superoxide dismutase activity  

The superoxide dismutase (SOD) activities (mU/mg protein) in the testicular tissues of 
different animal groups are presented Table 5 and Fig.22 

There were marked significant reductions in SOD enzymatic activity (p<0.05) in R 
group by about 50.00 % as compared to C group. 

The results showed that, either CH or CAH groups exhibited a non-signficant (p> 0.05) 
increase of SOD activity by about 0.70 % and 1.20 %, respectively, while CA group exhibited a 
non-signficant (p> 0.05) decrease by about 0.40 %, as compared to C group.  

The rats treated either with A or H showed non-significant reductions in SOD activity 
(p>0.05) by about 1.30 % and 1.00 %, respectively. While the treatment with AH showed non-
significant elevations in SOD activities (p>0.05) by about 2.00 %, as compared to C group. 

The rats treated with A pre and post irradiation showed significant increase (p< 0.05) in 
SOD activities by about 68.00 % and 44.00 %, respectively, as compared to R group. 

Administration of H pre and post irradiation induced a significant increase (p< 0.05) in 
SOD activities by about 68.00 % and 48.00 %, respectively, as compared to R group. 

The combined administration of A and H provoked a significant increase (p< 0.05) in 
SOD activity in both AHR and RAH groups by about 70.00 % and 53.00 %, respectively, as 
compared to R group, the LSD value = 2.10 and F value = 42.40. 
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TABLE 5. Testicular SOD activity U/mg protein in different groups. 

Significance 
% Difference 
compared to 

irradiated group 

% Difference 
compared to control 

group 
Mean± SD 

Animals 
groups 

a  0.00 % 28.30± 2.77 C 

b  - 49.82 % 14.20± 1.40 R 

a  - 0.35 % 28.20± 2.63 CA 

a  - 1.31 % 27.93± 2.72 A 

c + 67.60 % - 15.90 % 23.80± 2.26 AR 

d + 44.40 % - 27.56 % 20.50± 2.04 RA 

a  + 0.71 % 28.50± 2.82 CH 

a  - 0.71 % 28.10± 2.66 H 

c + 68.30 % - 15.55 % 23.90± 3.30 HR 

d + 48.10 % - 25.69 % 21.03± 2.25 RH 

a  + 1.20 % 28.64± 2.87 CAH 

a  + 1.77 % 28.80± 2.75 AH 

c + 70.40 % - 14.49 % 24.20± 2.30 AHR 

d + 53.00 % - 23.25 % 21.72 ± 2.24 RAH 

F Value= 42.40 LSD= 2.10 

Similar characters denote insignificance between groups. 
The mean difference is significant at P≤ 0.05. 

C= Control group (6 rats). R= irradiated group (12 rats). CA= Contol allopurinol group (6 
rats). A= Allopurinol group (12 rats). AR= Allopurinol pre-treated group (12 rats). RA= 
Allopurinol post-treated group (12 rats). CH= Contol hesperidin group (6 rats). H= 
Hesperidin group (12 rats). HR= Hesperidin pre-treated group (12 rats). RH= Hesperidin 
post-treated group (12 rats). CAH= Contol allopurinol + hesperidin group (6 rats). AH= 
allopurinol + hesperidin group (12 rats). AHR= Allopurinol + hesperidin pre-treated group 
(12 rats). RAH= Allopurinol + hesperidin post-treated group (12 rats). 
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Figure (22): Testicular SOD activities (U/mg protein) of all different studied groups. 
 

C= Control group (6 rats). R= irradiated group (12 rats). CA= Control allopurinol group (6 
rats). A= Allopurinol group (12 rats). AR= Allopurinol pre-treated group (12 rats). RA= 
Allopurinol post-treated group (12 rats).CH= Control hesperidin group (6 rats). H= 
Hesperidin group (12 rats). HR= Hesperidin pre-treated group (12 rats). RH= Hesperidin 
post-treated group (12 rats). CAH= Control allopurinol + Control hesperidin group (6 rats). 
AH= allopurinol + hesperidin group (12 rats). AHR= Allopurinol + hesperidin pre-treated 
group (12 rats). RAH= Allopurinol + hesperidin post-treated group (12 rats). 
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3.2.2. Catalase Activity 

The changes in testicular catalase (CAT) activity (mU/mg proteins) in different animal 
groups are presented in Table 6 and Fig.23.  

The data obtained showed a significant decrease (p< 0.05) in testicular CAT activity in 
R group by about 60.00 % compared to C group. 

The results showed that, either CA or CH groups exhibited a non-signficant (p> 0.05) 
increase in CAT activity by about 0.20 % and 0.20 %, respectively. While CAH group 
exhibited a non-signficant (p> 0.05) decrease by about 0.30 % as compared to C group. 

Treatment with either A or H or combined treatment AH resulted in non-significant 
(p>0.05) increase by about 0.40 %, 2.00 %, 4.00 %, respectively, as compared to C group. 

The results indicate a significant (p< 0.05) increase in testicular CAT activity in AR and 
RA groups by about 103.00 % and 80.00 %, respectively, as compared to R group. 

Administration of H showed a significant increase (p< 0.05) in the testicular CAT 
activity in both HR and RH groups by about 109.00 % and 82.00 %, respectively, as compared 
to R group. 

The combined synergistic administration of A and H revealed a significant increase (p< 
0.05) in the testicular CAT activity in both AHR and RAH by about 112.00 % and 84.00 %, 
respectively, as compared to R group, the LSD value = 20.10 and F value = 65.40. 
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TABLE 6. Testicular CAT activity mU/ mg protein of different groups. 

Significance 
% Difference 
compared to 

irradiated group 

% Difference 
compared to 
control group 

Mean± SD 
Animals 
groups 

a  0.00 % 275.33± 26.10 C 

b  - 59.83 % 110.60± 10.50 R 

a  + 0.21 % 275.9± 26.54 CA 

a  + 0.42 % 276.50± 26.30 A 

c + 102.60 % - 18.63 % 224.03± 21.70 AR 

d + 79.60 % - 27.85 % 198.64± 18.90 RA 

a  + 0.23 % 275.97± 26.90 CH 

a  + 1.77 % 280.20± 26.60 H 

c + 109.30 % - 15.92 % 231.50± 20.13 HR 

d + 81.80 % - 26.96 % 201.10± 19.13 RH 

a  - 0.30 % 274.5± 25.93 CAH 

a  + 3.95 % 286.20± 27.20 AH 

c + 111.70 % - 14.97 % 234.10± 21.84 AHR 

d + 84.40 % - 25.93 % 203.93 ± 19.60 RAH 

F Value= 65.40 LSD= 20.10 

Similar characters denote insignificance between groups. 
The mean difference is significant at P≤ 0.05. 

C= Control group (6 rats). R= irradiated group (12 rats). CA= Contol allopurinol group (6 
rats). A= Allopurinol group (12 rats). AR= Allopurinol pre-treated group (12 rats). RA= 
Allopurinol post-treated group (12 rats).CH= Contol hesperidin group (6 rats). H= Hesperidin 
group (12 rats). HR= Hesperidin pre-treated group (12 rats). RH= Hesperidin post-treated 
group (12 rats). CAH= Contol allopurinol + hesperidin group (6 rats). AH= allopurinol + 
hesperidin group (12 rats). AHR= Allopurinol + hesperidin pre-treated group (12 rats). 
RAH= Allopurinol + hesperidin post-treated group (12 rats). 
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Figure (23): Testicular catalase activities (mU/mg protein) of all different studied 
groups. 

 
C= Control group (6 rats). R= irradiated group (12 rats). CA= Control allopurinol group (6 
rats). A= Allopurinol group (12 rats). AR= Allopurinol pre-treated group (12 rats). RA= 
Allopurinol post-treated group (12 rats).CH= Control hesperidin group (6 rats). H= 
Hesperidin group (12 rats). HR= Hesperidin pre-treated group (12 rats). RH= Hesperidin 
post-treated group (12 rats). CAH= Control allopurinol + Control hesperidin group (6 rats). 
AH= allopurinol + hesperidin group (12 rats). AHR= Allopurinol + hesperidin pre-treated 
group (12 rats). RAH= Allopurinol + hesperidin post-treated group (12 rats). 
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3.2.3. Reduced glutathione in nuclear Matrix 

The changes in the levels of reduced glutathione (GSH) (µmol/l) in testicular nuclear 
matrix in different animal groups are presented in Table 7 and Fig.24 

The presented data showed that R group exhibited a significant decrease (p< 0.05) in 
testicular nuclear GSH levels by about 41.00 % as compared to C group. 

The results showed that, sham groups either CA and CAH groups exhibited a non-
signficant (p> 0.05) increase in testicular nuclear GSH levels by about 0.10 % and 0.10 %, 
respectively, while, CH group exhibited a non-signficant (p> 0.05) decrease by about -0.10 % 
as compared to C group. 

The A and H groups or combined treatment group exhibited a non-significant decrease 
(p> 0.05) in testicular nuclear GSH levels by about 5.30 %, 4.00 %, 2.30 %, respectively, as 
compared to C group. 

Administration of A exhibited a significant positive response (p< 0.05) in the testicular 
nuclear GSH levels in both treated groups either pre or post exposure to radiation by about 
37.00 % and 31.00 %, respectively, as compared to R group. 

HR and RH groups showed a significant increase (p< 0.05) in the testicular nuclear 
GSH levels by about 38.00 % and 34.00 %, respectively, as compared to R group. 

The AHR and RAH groups revealed a significant increase (p< 0.05) in the testicular 
nuclear GSH levels by about 39.00 % and 37.00 %, respectively, as compared to R group, the 
LSD value = 6.30 and F value = 25.20. 
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TABLE 7. Testicular nuclear GSH level µmol/ l of different groups. 

Significance 
% Difference 
compared to 

irradiated group 

% Difference 
compared to 
control group 

Mean± SD 
Animals 
groups 

a  0.00 % 51.33± 4.90 C 

b 0.00 % - 40.66 % 30.46± 2.90 R 

a  + 0.14 % 51.40± 5.00 CA 

a  - 5.26 % 48.63± 4.62 A 

c 37.30 % - 18.51 % 41.83± 4.00 AR 

c 31.00 % - 22.27 % 39.90± 3.80 RA 

a  - 0.10 % 51.30± 4.80 CH 

a  - 4.03 % 49.26± 4.70 H 

c 37.90 % - 18.18 % 42.00± 4.00 HR 

c 34.00% - 20.48 % 40.82± 3.90 RH 

a  + 0.14 % 51.40± 4.90 CAH 

a  - 2.26 % 50.17± 4.80 AH 

c 39.00 % - 17.53 % 42.33± 4.03 AHR 

c 36.70 % - 18.90 % 41.63 ± 4.00 RAH 

F Value= 25.20 LSD= 6.30 

Similar characters denote insignificance between groups. 
The mean difference is significant at P≤ 0.05. 

C= Control group (6 rats). R= irradiated group (12 rats). CA= Contol allopurinol group (6 
rats). A= Allopurinol group (12 rats). AR= Allopurinol pre-treated group (12 rats). RA= 
Allopurinol post-treated group (12 rats).CH= Contol hesperidin group (6 rats). H= Hesperidin 
group (12 rats). HR= Hesperidin pre-treated group (12 rats). RH= Hesperidin post-treated 
group (12 rats). CAH= Contol allopurinol + hesperidin group (6 rats). AH= allopurinol + 
hesperidin group (12 rats). AHR= Allopurinol + hesperidin pre-treated group (12 rats). 
RAH= Allopurinol + hesperidin post-treated group (12 rats). 
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Figure (24): Testicular nuclear GSH levels (µmol/ l) of all different studied groups. 
 

C= Control group (6 rats). R= irradiated group (12 rats). CA= Control allopurinol group (6 
rats). A= Allopurinol group (12 rats). AR= Allopurinol pre-treated group (12 rats). RA= 
Allopurinol post-treated group (12 rats).CH= Control hesperidin group (6 rats). H= 
Hesperidin group (12 rats). HR= Hesperidin pre-treated group (12 rats). RH= Hesperidin 
post-treated group (12 rats). CAH= Control allopurinol + Control hesperidin group (6 rats). 
AH= allopurinol + hesperidin group (12 rats). AHR= Allopurinol + hesperidin pre-treated 
group (12 rats). RAH= Allopurinol + hesperidin post-treated group (12 rats). 
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3.2.4. Oxidized glutathione in nuclear matrix 

The changes in the levels of oxidized glutathione (GSSG) (µmol/l) in testicular nuclear 
matrix in different animal groups are presented in Table 8 and Fig.25 

The presented data showed that R group exhibited a significant increase (p< 0.05) in 
nuclear testicular GSSG levels by 116.00 % as compared to C group. 

The results showed that, CA, CH and CAH groups exhibited a non-signficant (p> 0.05) 
increase in nuclear testicular GSSG levels by about 1.90 %, 0.50 % and 0.50 %, respectively, as 
compared to C group. 

The H and AH groups exhibited a non-signficant (p> 0.05) decrease in nuclear testicular 
GSSG levels by about 0.50 % and 1.90 %, respectively. While, A group exhibited a non-
signficant (p>0.05) increase in nuclear testicular GSSG levels by about 1.40 % as compared to 
C group. 

AR and RA groups exhibited a significant decrease (p< 0.05) in the testicular nuclear 
GSSG levels by about 31.00 % and 28.00 %, respectively, as compared to R group. 

The HR and RH groups showed a significant decrease (p< 0.05) in the testicular nuclear 
GSSG levels by about 38.00 % and 32.00 %, respectively, as compared to R group. 

AHR and RAH groups revealed a significant decrease (p< 0.05) in the testicular nuclear 
GSSG levels by about 41.00 % and 37.00 %, respectively, as compared to R group, the LSD 
value = 0.80 and F value = 84.80. 
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TABLE 8. Testicular nuclear GSSG level µmol/ l of different groups. 

Significance 
% Difference 
compared to 

irradiated group 

% Difference 
compared to 
control group 

Mean± SD 
Animals 
groups 

a  0.00 % 7.36± 0.71 C 

b 0.00 % + 116.44 % 15.93± 1.53 R 

a  + 1.90 % 7.50± 0.80 CA 

a  + 1.36 % 7.46± 0.72 A 

d - 31.40 % + 48.51 % 10.93± 1.06 AR 

d - 28.10 % + 55.57 % 11.45± 1.10 RA 

a  + 0.54 % 7.40± 0.75 CH 

a  - 0.54 % 7.32± 0.70 H 

c - 38.30 % + 33.56 % 9.83± 0.96 HR 

d - 32.00 % + 47.28 % 10.84± 1.03 RH 

a  + 0.54 % 7.40± 0.77 CAH 

a  - 1.90 % 7.22± 0.70 AH 

c - 40.60 % + 28.53 % 9.46± 0.91 AHR 

c - 37.00 % + 36.41 % 10.04 ± 0.97 RAH 

F Value= 84.80 LSD= 0.80 

Similar characters denote insignificance between groups. 
The mean difference is significant at P≤ 0.05. 

C= Control group (6 rats). R= irradiated group (12 rats). CA= Contol allopurinol group (6 
rats). A= Allopurinol group (12 rats). AR= Allopurinol pre-treated group (12 rats). RA= 
Allopurinol post-treated group (12 rats).CH= Contol hesperidin group (6 rats). H= Hesperidin 
group (12 rats). HR= Hesperidin pre-treated group (12 rats). RH= Hesperidin post-treated 
group (12 rats). CAH= Contol allopurinol + hesperidin group (6 rats). AH= allopurinol + 
hesperidin group (12 rats). AHR= Allopurinol + hesperidin pre-treated group (12 rats). 
RAH= Allopurinol + hesperidin post-treated group (12 rats).. 
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Figure (25): Testicular nuclear GSSG levels (µmol/ l) of all different studied groups. 
 

C= Control group (6 rats). R= irradiated group (12 rats). CA= Control allopurinol group (6 
rats). A= Allopurinol group (12 rats). AR= Allopurinol pre-treated group (12 rats). RA= 
Allopurinol post-treated group (12 rats).CH= Control hesperidin group (6 rats). H= 
Hesperidin group (12 rats). HR= Hesperidin pre-treated group (12 rats). RH= Hesperidin 
post-treated group (12 rats). CAH= Control allopurinol + Control hesperidin group (6 rats). 
AH= allopurinol + hesperidin group (12 rats). AHR= Allopurinol + hesperidin pre-treated 
group (12 rats). RAH= Allopurinol + hesperidin post-treated group (12 rats). 
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3.2.5. GSH/GSSG Ratio 

The changes in the testicular nuclear GSH/GSSG ratio in different animal groups are 
presented in Table 9 and Fig.26 

The presented data showed that R group exhibited a significant decrease (p< 0.05) in 
testicular nuclear GSH/GSSG by about 72.50 % as compared to C group. 

The CA, CH and CAH groups exhibited a non-signficant (p> 0.05) decrease in testicular 
nuclear GSH/GSSG by about 0.40 %, 0.40 % and 0.60 %, respectively, as compared to C 
group. 

The A and H groups or combined treatment group exhibited a non-significant decrease 
(p>0.05) in testicular nuclear GSH/GSSG by about 6.50 %, 3.40 % and 0.30 %, respectively, as 
compared to C group. 

The rats treated with A either pre or post irradiation exhibited a significant increase (p< 
0.05) in the testicular nuclear GSH/GSSG by about 99.50 % and 82.00 %, respectively, as 
compared to R group. 

HR and RH groups showed a significant increase (p< 0.05) in the testicular nuclear 
GSH/GSSG by about (122.00 % and 96.00 %, respectively) as compared to R group. 

The AHR and RAH revealed a significant increase (p< 0.05) in the testicular nuclear 
GSH/GSSG by about 133.00 % and 116.00 %, respectively, the LSD value = 0.06 and F value 
= 28327.70. 
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TABLE 9. Testicular nuclear GSH/ GSSG ratio of different groups. 

Significance 
% Difference 
compared to 

irradiated group 

% Difference 
compared to 
control group 

Mean± SD 
Animals 
groups 

a  0.00 % 6.97± 0.052 C 

b 0.00 % - 72.45 % 1.92± 0.01 R 

a  - 0.43 % 6.94± 0.05 CA 

d  - 6.46 % 6.52± 0.04 A 

h 99.50 % - 45.10 % 3.83± 0.03 AR 

j  81.80 % - 49.93 % 3.49± 0.01 RA 

a  - 0.43 % 6.94± 0.053 CH 

c  - 3.44 % 6.73± 0.04 H 

f 122.40 % - 38.74 % 4.27± 0.05 HR 

i 96.40 % - 45.91 % 3.77± 0.04 RH 

a  - 0.57 % 6.93± 0.052 CAH 

a  - 0.29 % 6.95± 0.03 AH 

e 132.80 % - 35.87 % 4.47± 0.02 AHR 

g 116.10 % - 40.46 % 4.15 ± 0.03 RAH 

F Value=28327.70 LSD= 0.06 

Similar characters denote insignificance between groups. 
The mean difference is significant at P≤ 0.05. 

C= Control group (6 rats). R= irradiated group (12 rats). CA= Contol allopurinol group (6 
rats). A= Allopurinol group (12 rats). AR= Allopurinol pre-treated group (12 rats). RA= 
Allopurinol post-treated group (12 rats).CH= Contol hesperidin group (6 rats). H= Hesperidin 
group (12 rats). HR= Hesperidin pre-treated group (12 rats). RH= Hesperidin post-treated 
group (12 rats). CAH= Contol allopurinol + hesperidin group (6 rats). AH= allopurinol + 
hesperidin group (12 rats). AHR= Allopurinol + hesperidin pre-treated group (12 rats). 
RAH= Allopurinol + hesperidin post-treated group (12 rats). 
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Figure (26): Testicular nuclear GSH/ GSSG ratio of all different studied groups. 

 
C= Control group (6 rats). R= irradiated group (12 rats). CA= Control allopurinol group (6 
rats). A= Allopurinol group (12 rats). AR= Allopurinol pre-treated group (12 rats). RA= 
Allopurinol post-treated group (12 rats).CH= Control hesperidin group (6 rats). H= 
Hesperidin group (12 rats). HR= Hesperidin pre-treated group (12 rats). RH= Hesperidin 
post-treated group (12 rats). CAH= Control allopurinol + Control hesperidin group (6 rats). 
AH= allopurinol + hesperidin group (12 rats). AHR= Allopurinol + hesperidin pre-treated 
group (12 rats). RAH= Allopurinol + hesperidin post-treated group (12 rats). 
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3.2.6. Xanthine oxidase activity  

The xanthine oxidase (XO) activities (mU/mg proteins) in testicular tissues of different 
animal groups are presented in Table 10 and Fig.27 

There were marked significant elevations in XO enzymatic activity (p<0.05) in R group 
by about 140 % as compared to C group. 

The results showed that, CA, CH and CAH groups exhibited a non-signficant (p> 0.05) 
increase of XO enzymatic activity by about (1.00 %, 1.00 % and 0.50 %, respectively) as 
compared to C group. 

The XO activities in A and H groups showed non-significant (p>0.05) increase by about 
3.50 % and 2.00 %, respectively. While XO activities in AH group showed non-significant 
(p>0.05) decrease of about 2.00 % as compared to C group.  

The prolonged administration of A pre and post exposure to fractionated γ-irradiation 
induced a significant (p< 0.05) decrease in XO activity by about 51.0 % and 45.0 %, 
respectively, as compared to R group. 

Administration of H either pre or post exposure to gamma radiation showed a significant 
decrease (p< 0.05) in the XO activities by about 52.0 % and 46.0 %, respectively, as compared 
to R group. 

Administration of A and H either pre or post exposure to gamma radiation provoked a 
significant decrease (p< 0.05) in the XO activities by about 52.0% and 47.0 %, respectively, as 
compared to R group, the LSD value = 0.64 and F value = 149.1. 
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TABLE 10. Testicular XO activity mU/ mg protein of different groups. 

Significance 
% Difference 
compared to 

irradiated group 

% Difference 
compared to 
control group 

Mean± SD 
Animals 
groups 

a  0.00 % 6.30± 0.60 C 

b  + 139.70 % 15.10± 1.13 R 

a  + 1.11 % 6.37± 0.30 CA 

a  + 3.50 % 6.52± 0.60 A 

c - 51.00 % + 17.46 % 7.40± 0.70 AR 

d - 45.00 % + 31.75 % 8.30± 0.74 RA 

a  + 0.80 % 6.35± 0.26 CH 

a  + 1.60 % 6.40± 0.60 H 

c - 52.30 % + 14.30 % 7.20± 0.70 HR 

d - 46.40 % + 28.60 % 8.10± 0.80 RH 

a  + 0.50 % 6.33± 0.23 CAH 

a  - 1.60 % 6.20± 0.60 AH 

c - 52.30 % + 14.44 % 7.21± 0.70 AHR 

d - 46.80 % + 27.46 % 8.03 ± 0.60 RAH 

F Value=149.1 LSD= 0.64 

Similar characters denote insignificance between groups. 
The mean difference is significant at P≤ 0.05. 

C= Control group (6 rats). R= irradiated group (12 rats). CA= Contol allopurinol group (6 
rats). A= Allopurinol group (12 rats). AR= Allopurinol pre-treated group (12 rats). RA= 
Allopurinol post-treated group (12 rats). CH= Contol hesperidin group (6 rats). H= 
Hesperidin group (12 rats). HR= Hesperidin pre-treated group (12 rats). RH= Hesperidin 
post-treated group (12 rats). CAH= Contol allopurinol + hesperidin group (6 rats). AH= 
allopurinol + hesperidin group (12 rats). AHR= Allopurinol + hesperidin pre-treated group 
(12 rats). RAH= Allopurinol + hesperidin post-treated group (12 rats).. 
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Figure (27): Testicular XO activities (mU/mg protein) of all different studied groups. 
 

C= Control group (6 rats). R= irradiated group (12 rats). CA= Control allopurinol group (6 
rats). A= Allopurinol group (12 rats). AR= Allopurinol pre-treated group (12 rats). RA= 
Allopurinol post-treated group (12 rats).CH= Control hesperidin group (6 rats). H= 
Hesperidin group (12 rats). HR= Hesperidin pre-treated group (12 rats). RH= Hesperidin 
post-treated group (12 rats). CAH= Control allopurinol + Control hesperidin group (6 rats). 
AH= allopurinol + hesperidin group (12 rats). AHR= Allopurinol + hesperidin pre-treated 
group (12 rats). RAH= Allopurinol + hesperidin post-treated group (12 rats). 
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3.2.7. Thiobarbituric acid reactive substances  

The changes in testicular thiobarbituric acid reactive substances (TBARS) levels 
(nmol/mg proteins) in different groups are presented in Table 11 and Fig.28 

The presented data showed a significant increase (p< 0.05) in testicular TBARS levels 
in R group by about 430.00 % as compared to C group.  

The CA and CAH groups exhibited a non-signficant (p> 0.05) increase in testicular 
TBARS levels by about 1.00 % and 1.40 %, respectively. While, CH group exhibited a non-
signficant (p> 0.05) decrease by about 1.00 % as compared to C group. 

The A and AH groups exhibited a non-signficant (p> 0.05) decrease in testicular 
TBARS levels by about 1.00 % and 1.90 %, respectively. While, H group exhibited a non-
signficant (p> 0.05) increase by about 1.60 % as compared to R group. 

Administration of A either pre or post exposure to gamma radiation exhibited a 
significant decrease (p< 0.05) in testicular TBARS levels by about 73.00 % and 72.00 %, 
respectively, as compared to R group. 

Administration of H either pre or post exposure to gamma radiation showed a significant 
decrease (p< 0.05) in testicular TBARS levels by about 76.00 % and 73.00 %, respectively, as 
compared to R group. 
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TABLE 11. Testicular TBARS level nmol/ mg protein in different groups. 

Significance 
% Difference 
compared to 

irradiated group 

% Difference 
compared to 
control group 

Mean± SD 
Animals 
groups 

a  0.00 % 2.08± 0.19 C 

b 0.00 % + 430.30 % 11.03± 1.05 R 

a  + 0.96 % 2.10± 0.20 CA 

a  - 0.96 % 2.06± 0.19 A 

d - 72.90 % + 43.75 % 2.99± 0.29 AR 

d - 72.40 % + 46.15 % 3.04± 0.30 RA 

a  - 0.96 % 2.06± 0.16 CH 

a  + 1.60 % 2.04± 0.19 H 

c - 76.40 % + 14.30 % 2.60± 0.26 HR 

d - 73.00 % + 28.60 % 2.98± 0.28 RH 

a  + 1.44 % 2.11± 0.22 CAH 

a  - 1.92 % 1.99± 0.19 AH 

c - 76.50 % + 24.52 % 2.59± 0.23 AHR 

d - 72.80 % + 44.23 % 3.00 ± 0.37 RAH 

F Value= 505.7 LSD= 0.385 

Similar characters denote insignificance between groups. 
The mean difference is significant at P≤ 0.05. 

C= Control group (6 rats). R= irradiated group (12 rats). CA= Contol allopurinol group (6 
rats). A= Allopurinol group (12 rats). AR= Allopurinol pre-treated group (12 rats). RA= 
Allopurinol post-treated group (12 rats).CH= Contol hesperidin group (6 rats). H= Hesperidin 
group (12 rats). HR= Hesperidin pre-treated group (12 rats). RH= Hesperidin post-treated 
group (12 rats). CAH= Contol allopurinol + hesperidin group (6 rats). AH= allopurinol + 
hesperidin group (12 rats). AHR= Allopurinol + hesperidin pre-treated group (12 rats). 
RAH= Allopurinol + hesperidin post-treated group (12 rats). 
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Figure (28): Testicular TBARS levels (nmol/mg protein) in all different studied groups. 
 

C= Control group (6 rats). R= irradiated group (12 rats). CA= Control allopurinol group (6 
rats). A= Allopurinol group (12 rats). AR= Allopurinol pre-treated group (12 rats). RA= 
Allopurinol post-treated group (12 rats).CH= Control hesperidin group (6 rats). H= 
Hesperidin group (12 rats). HR= Hesperidin pre-treated group (12 rats). RH= Hesperidin 
post-treated group (12 rats). CAH= Control allopurinol + Control hesperidin group (6 rats). 
AH= allopurinol + hesperidin group (12 rats). AHR= Allopurinol + hesperidin pre-treated 
group (12 rats). RAH= Allopurinol + hesperidin post-treated group (12 rats). 
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3.2.8. Nitric oxide in mitochondrial matrix 

The changes in the testicular mitochondrial nitric oxide (NO) levels (µmol/l) in different 
animal groups are presented in Table 12 and Fig.29 

The results showed that the levels of NO in animals of R group were increased 
significantly (p< 0.05) by about 143 % as compared to C group. 

The results showed that, CA, CH and CAH groups exhibited a non-signficant (p> 0.05) 
decrease in NO levels by about 0.80 %, 1.10 % and 0.30 %, respectively, as compared to C 
group. 

The A, H or AH groups showed non-significant (p> 0.05) decrease in NO levels by 
about 4.2 %, 8.0 % and 14.0 %, respectively, as compared to C group. 

Administration of A either pre or post exposure to radiation exhibited a significant 
decrease (p< 0.05) in NO levels by about 51.00 % and 40.00 %, respectively, as compared to R 
group. 

Administration of H either pre or post exposure to radiation showed a significant 
decrease (p< 0.05) in NO levels by about 51.00 % and 42.00 %, respectively, as compared to R 
group. 

 The synergistic administration of A and H either pre or post exposure to radiation 
revealed a significant decrease (p< 0.05) in NO levels by about 54.00 % and 44.00 %, 
respectively, as compared to R group., the LSD value = 3.21 and F value = 113.1. 
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TABLE 12. Testicular mitochondrial NO level µmol/ l in different groups. 

Significance 
% Difference 
compared to 

irradiated group 

% Difference 
compared to 
control group 

Mean± SD 
Animals 
groups 

a  0.00 % 26.40± 2.77 C 

b  + 143.18 % 64.20± 7.45 R 

a  - 0.76 % 26.20± 2.60 CA 

a  - 4.17 % 25.30± 2.43 A 

c - 50.80 % + 19.69 % 31.60± 3.26 AR 

d - 39.90 % + 46.21 % 38.60± 3.70 RA 

a  - 1.10 % 26.20± 2.60 CH 

a  - 7.95 % 24.30± 2.24 H 

c - 50.90 % + 19.32 % 31.50± 3.66 HR 

d - 41.70 % + 41.67 % 37.40± 3.53 RH 

a  - 0.30 % 26.32± 2.72 CAH 

a  - 13.64 % 22.80± 2.27 AH 

c - 53.90 % + 12.12 % 29.60± 2.97 AHR 

d - 44.10 % + 35.98 % 35.90 ± 3.82 RAH 

F Value=113.1 LSD= 3.21 

Similar characters denote insignificance between groups. 
The mean difference is significant at P≤ 0.05. 

C= Control group (6 rats). R= irradiated group (12 rats). CA= Contol allopurinol group (6 
rats). A= Allopurinol group (12 rats). AR= Allopurinol pre-treated group (12 rats). RA= 
Allopurinol post-treated group (12 rats). CH= Contol hesperidin group (6 rats). H= 
Hesperidin group (12 rats). HR= Hesperidin pre-treated group (12 rats). RH= Hesperidin 
post-treated group (12 rats). CAH= Contol allopurinol + hesperidin group (6 rats). AH= 
allopurinol + hesperidin group (12 rats). AHR= Allopurinol + hesperidin pre-treated group 
(12 rats). RAH= Allopurinol + hesperidin post-treated group (12 rats). 
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Figure (29): Testicular mitochondrial NO levels (µmol/ l) of all different studied groups. 
 

C= Control group (6 rats). R= irradiated group (12 rats). CA= Control allopurinol group (6 
rats). A= Allopurinol group (12 rats). AR= Allopurinol pre-treated group (12 rats). RA= 
Allopurinol post-treated group (12 rats).CH= Control hesperidin group (6 rats). H= 
Hesperidin group (12 rats). HR= Hesperidin pre-treated group (12 rats). RH= Hesperidin 
post-treated group (12 rats). CAH= Control allopurinol + Control hesperidin group (6 rats). 
AH= allopurinol + hesperidin group (12 rats). AHR= Allopurinol + hesperidin pre-treated 
group (12 rats). RAH= Allopurinol + hesperidin post-treated group (12 rats). 
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3.3. Assay of Lipids 

3.3.1. Serum total cholesterol  

The changes in the serum total cholesterol (TC) levels (mg/dl) in different groups are 
presented in Table 13 and Fig.30 

The presented data showed that R group exhibited a significant increase (p< 0.05) in 
serum TC levels by about 31.00 % as compared to C group. 

The results showed that, either CA or CH groups exhibited a non-signficant (p> 0.05) 
increase in TC levels by about 0.10 % and 0.10 %, respectively. While CAH group exhibited a 
non-significant (p>0.05) decrease TC levels by about 0.03 % as compared to C group.  

The A, H and AH groups showed a non-significant decrease (p>0.05) by about 1.40 %, 
2.30 %, 4.00 %, respectively as compared to C group. 

Administration of A either pre or post exposure to radiation exhibited a significant 
decrease (p< 0.05) in the serum TC levels by about 14.00 % and 14.00 %, respectively as 
compared to R group. 

Administration of H showed a significant decrease (p<0.05) in the serum TC levels in 
HR and RH groups by about 15.00 % and 15.00 %, respectively as compared to R group. 

The synergistic administration of A and H either pre or post exposure to radiation 
revealed a significant decrease (p< 0.05) in the serum TC levels by about 17.00 % and 16.50 %, 
respectively as compared to R group, the LSD value = 8.40 and F value = 11.10. 
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TABLE 13. Serum total cholesterol level mg/dl of different groups. 

Significance 
% Difference 
compared to 

irradiated group 

% Difference 
compared to 
control group 

Mean± SD 
Animals 
groups 

a  0.00 % 95.03± 9.10 C 

b  + 30.70 % 124.20± 11.80 R 

a  + 0.13 % 95.15± 9.14 CA 

a  - 1.40 % 93.74± 8.93 A 

c - 14.20 % + 12.20 % 106.60± 10.13 AR 

c - 13.80 % + 12.70 % 107.10± 9.90 RA 

a  + 0.10 % 95.10± 9.12 CH 

a  - 2.32 % 92.83± 8.84 H 

c - 14.60 % + 11.65 % 106.10± 10.90 HR 

c - 14.80 % + 11.36 % 105.83± 9.70 RH 

a  - 0.03 % 95.00± 8.97 CAH 

a  - 3.93 % 91.30±8.70 AH 

c - 16.70 % + 8.81 % 103.40± 9.50 AHR 

c - 16.50 % + 9.16 % 103.73 ± 9.90 RAH 

F Value= 11.10 LSD= 8.40 

Similar characters denote insignificance between groups. 
The mean difference is significant at P≤ 0.05. 

C= Control group (6 rats). R= irradiated group (12 rats). CA= Contol allopurinol group (6 
rats). A= Allopurinol group (12 rats). AR= Allopurinol pre-treated group (12 rats). RA= 
Allopurinol post-treated group (12 rats).CH= Contol hesperidin group (6 rats). H= Hesperidin 
group (12 rats). HR= Hesperidin pre-treated group (12 rats). RH= Hesperidin post-treated 
group (12 rats). CAH= Contol allopurinol + hesperidin group (6 rats). AH= allopurinol + 
hesperidin group (12 rats). AHR= Allopurinol + hesperidin pre-treated group (12 rats). 
RAH= Allopurinol + hesperidin post-treated group (12 rats). 
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Figure (30): Serum total cholesterol levels (mg/dl) of all different studied. 
 

C= Control group (6 rats). R= irradiated group (12 rats). CA= Control allopurinol group (6 
rats). A= Allopurinol group (12 rats). AR= Allopurinol pre-treated group (12 rats). RA= 
Allopurinol post-treated group (12 rats).CH= Control hesperidin group (6 rats). H= 
Hesperidin group (12 rats). HR= Hesperidin pre-treated group (12 rats). RH= Hesperidin 
post-treated group (12 rats). CAH= Control allopurinol + Control hesperidin group (6 rats). 
AH= allopurinol + hesperidin group (12 rats). AHR= Allopurinol + hesperidin pre-treated 
group (12 rats). RAH= Allopurinol + hesperidin post-treated group (12 rats). 
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3.3.2. Serum high-density lipoprotein cholesterol 

The high-density lipoprotein cholesterol (HDL-C) concentrations (mg/dl) in the serum 
of different groups are presented in Table 14 and Fig.31 

There were marked significant reductions in serum HDL-C levels (p<0.05) in R group 
by about 49.00 % as compared to C group.  

The CA, CH and CAH groups exhibited a non-signficant (p> 0.05) decrease serum 
HDL-C levels by about 0.60 % and 1.50 %, 1.20 %, respectively, as compared to C group. 

The A, H and AH groups exhibited a significant reductions (p> 0.05) by about 5.40 %, 
7.00 %, 3.60 %, respectively, as compared to C group. 

AR and RA groups showed a significant increase (p< 0.05) in serum HDL-C levels by 
about 43.00 % and 39.00 %, respectively as compared to R group. 

Administration of H either pre or post exposure to radiation showed a significant 
increase (p< 0.05) in serum HDL-C levels by about 46.50 % and 40.00 %, respectively as 
compared to R group. 

The combined administration of A and H either pre or post exposure to radiation 
provoked a significant increase (p< 0.05) in serum HDL-C level by about 52.00 % and 49.00 
%, respectively as compared to R group, the LSD value = 1.00 and F value = 41.70. 
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TABLE 14. Serum HDL level mg/ dl of different groups. 

Significance 
% Difference 
compared to 

irradiated group 

% Difference 
compared to 
control group 

Mean± SD 
Animals 
groups 

a  0.00 % 14.52± 1.40 C 

b  - 48.76 % 7.44± 0.70 R 

a  - 0.62 % 14.43± 1.45 CA 

a  - 5.37 % 13.74± 1.34 A 

c + 42.90 % - 26.79 % 10.63± 1.01 AR 

c + 38.80 % - 28.86 % 10.33± 1.00 RA 

a  - 1.52 % 14.30± 1.50 CH 

a  - 6.82 % 13.53±1.30 H 

c + 46.50 % - 24.93 % 10.90± 1.04 HR 

c + 40.20 % - 28.17 % 10.43± 1.00 RH 

a  - 1.24 % 14.34± 1.54 CAH 

a  - 3.58 % 14.00± 1.34 AH 

c + 51.90 % - 22.18 % 11.30± 1.13 AHR 

c + 49.20 % - 23.55 % 11.10 ± 1.10 RAH 

F Value= 41.70 LSD= 1.00 

Similar characters denote insignificance between groups. 
The mean difference is significant at P≤ 0.05. 

C= Control group (6 rats). R= irradiated group (12 rats). CA= Contol allopurinol group (6 
rats). A= Allopurinol group (12 rats). AR= Allopurinol pre-treated group (12 rats). RA= 
Allopurinol post-treated group (12 rats).CH= Contol hesperidin group (6 rats). H= Hesperidin 
group (12 rats). HR= Hesperidin pre-treated group (12 rats). RH= Hesperidin post-treated 
group (12 rats). CAH= Contol allopurinol + hesperidin group (6 rats). AH= allopurinol + 
hesperidin group (12 rats). AHR= Allopurinol + hesperidin pre-treated group (12 rats). 
RAH= Allopurinol + hesperidin post-treated group (12 rats). 
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Figure (31): Serum HDL-C levels (mg/dl) of all different studied groups. 
 

C= Control group (6 rats). R= irradiated group (12 rats). CA= Control allopurinol group (6 
rats). A= Allopurinol group (12 rats). AR= Allopurinol pre-treated group (12 rats). RA= 
Allopurinol post-treated group (12 rats).CH= Control hesperidin group (6 rats). H= 
Hesperidin group (12 rats). HR= Hesperidin pre-treated group (12 rats). RH= Hesperidin 
post-treated group (12 rats). CAH= Control allopurinol + Control hesperidin group (6 rats). 
AH= allopurinol + hesperidin group (12 rats). AHR= Allopurinol + hesperidin pre-treated 
group (12 rats). RAH= Allopurinol + hesperidin post-treated group (12 rats). 
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3.3.3. Serum low-density lipoprotein cholesterol: 

The changes in the serum low-density lipoprotein cholesterol (LDL-C) levels (mg/dl) in 
different groups are presented in Table 15 and Fig.32 

The presented data showed that R group exhibited a significant increase (p< 0.05) in 
serum LDL-C levels by about 65.00 % as compared to C group.  

The results showed that, either CA or CAH groups exhibited a non-signficant (p> 0.05) 
increase serum LDL-C levels by about 0.20 % and 0.30 %, respectively. While CH group 
exhibited a non-signficant (p> 0.05) decrease serum LDL-C levels by about 0.04 % as 
compared to C group. 

The A, H and AH groups exhibited a significant decrease (p> 0.05) in serum LDL-C 
levels by about 4.30 %, 6.00 %, 7.50 %, respectively as compared to C group. 

Administration of A either pre or post irradiation exhibited a significant decrease (p< 
0.05) in the serum LDL-C levels by about 26.00 % and 23.00 %, respectively as compared to R 
group. 

Administration of H either pre or post exposure to radiation showed a significant 
decrease (p< 0.05) in the serum LDL-C levels by about 28.00 % and 23.00 %, respectively as 
compared to R group. 

The AHR and RAH groups revealed a significant decrease (p< 0.05) in the serum LDL-
C levels by about 29.00 % and 27.00 %, respectively as compared to R group, the LSD value = 
5.00 and F value = 44.20. 
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TABLE 15. Serum LDL-C level mg/ dl of different groups. 

Significance 
% Difference 
compared to 

irradiated group 

% Difference 
compared to 
control group 

Mean± SD 
Animals 
groups 

a  0.00 % 53.42± 5.10 C 

b  + 65.11 % 88.20± 8.40 R 

a  + 0.15 % 53.50± 5.20 CA 

a  - 4.34 % 51.10± 4.90 A 

c - 26.00 % + 22.11 % 65.23± 6.33 AR 

c - 23.10 % + 26.92 % 67.80± 6.90 RA 

a  - 0.04 % 53.40± 5.15 CH 

a  - 6.03 % 50.20± 4.80 H 

c - 28.00 % + 18.94 % 63.54± 6.12 HR 

c - 23.40 % + 26.41 % 67.53± 6.42 RH 

a  + 0.34 % 53.60± 5.24 CAH 

a  - 7.53 % 49.40±4.70 AH 

c - 28.80 % + 17.75 % 62.90± 3.02 AHR 

c - 27.40 % + 19.81 % 64.00 ± 6.10 RAH 

F Value= 44.20 LSD= 5.00 

Similar characters denote insignificance between groups. 
The mean difference is significant at P≤ 0.05. 

C= Control group (6 rats). R= irradiated group (12 rats). CA= Contol allopurinol group (6 
rats). A= Allopurinol group (12 rats). AR= Allopurinol pre-treated group (12 rats). RA= 
Allopurinol post-treated group (12 rats).CH= Contol hesperidin group (6 rats). H= Hesperidin 
group (12 rats). HR= Hesperidin pre-treated group (12 rats). RH= Hesperidin post-treated 
group (12 rats). CAH= Contol allopurinol + hesperidin group (6 rats). AH= allopurinol + 
hesperidin group (12 rats). AHR= Allopurinol + hesperidin pre-treated group (12 rats). 
RAH= Allopurinol + hesperidin post-treated group (12 rats). 
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Figure (32): Serum LDL-C levels (mg/dl) of all different studied groups. 

 
C= Control group (6 rats). R= irradiated group (12 rats). CA= Control allopurinol group (6 
rats). A= Allopurinol group (12 rats). AR= Allopurinol pre-treated group (12 rats). RA= 
Allopurinol post-treated group (12 rats).CH= Control hesperidin group (6 rats). H= 
Hesperidin group (12 rats). HR= Hesperidin pre-treated group (12 rats). RH= Hesperidin 
post-treated group (12 rats). CAH= Control allopurinol + Control hesperidin group (6 rats). 
AH= allopurinol + hesperidin group (12 rats). AHR= Allopurinol + hesperidin pre-treated 
group (12 rats). RAH= Allopurinol + hesperidin post-treated group (12 rats). 
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3.3.4. Serum LDL-C/HDL-C cholesterol ratio  

The relative LDL-C/HDL-C cholesterol ratio in the serum of different groups are 
presented in Table 16 and Fig.33 

There were marked significant increase in LDL-C/HDL-C ratio (p<0.05) in R group by 
about 223.00 % as compared to C group. 

The results showed that, CA, CH and CAH groups exhibited a non-signficant (p> 0.05) 
decrease serum LDL-C/HDL-C ratios by about 2.20 %, 1.90 % and 1.40 %, respectively, as 
compared to C group. 

The A and H groups individually showed a non-significantly increase (p>0.05) by about 
1.10 % and 0.80 %, respectively, While AH group showed a non-significant decrease (p>0.05) 
by about 3.50 % as compared to C group. 

The AR and RA groups showed significant reductions (p< 0.05) in serum LDL-C/HDL-
C ratios by about 48.00 % and 45.00 %, respectively as compared to R group. 

Administration of H either pre or post exposure to gamma rays showed a significant 
decrease (p< 0.05) in the serum LDL-C/HDL-C ratios by about 51.00 % and 43.00 %, 
respectively as compared to R group. 

The AHR and RAH groups provoked a significant decrease (p< 0.05) in serum LDL-
C/HDL-C ratios by about 53.00 % and 51.00 %, respectively as compared to R group, the LSD 
value = 0.13 and F value = 4973.0. 
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TABLE 16. Serum relative LDL-C/ HDL-C ratio of diff erent groups. 

Significance 
% Difference 
compared to 

irradiated group 

% Difference 
compared to 
control group 

Mean± SD 
Animals 
groups 

a  0.00 % 3.68± 0.02 C 

b  + 223.10 % 11.89± 0.09 R 

a  - 2.17 % 3.60± 0.04 CA 

a  + 1.10 % 3.72± 0.025 A 

f - 48.40 % + 66.84 % 6.14± 0.03 AR 

g - 44.80 % + 78.26 % 6.56± 0.07 RA 

a  - 1.90 % 3.61± 0.05 CH 

a  + 0.82 % 3.71± 0.034 H 

e - 50.90 % + 58.70 % 5.84± 0.02 HR 

g - 43.30 % + 75.82 % 6.47± 0.022 RH 

a  - 1.36 % 3.63± 0.06 CAH 

c  - 3.53 % 3.55± 0.05 AH 

d - 52.80 % + 52.45 % 5.61± 0.34 AHR 

e - 51.20 % + 57.61 % 5.80 ± 0.12 RAH 

F Value= 4973.0 LSD= 0.13 

Similar characters denote insignificance between groups. 
The mean difference is significant at P≤ 0.05. 

C= Control group (6 rats). R= irradiated group (12 rats). CA= Contol allopurinol group (6 
rats). A= Allopurinol group (12 rats). AR= Allopurinol pre-treated group (12 rats). RA= 
Allopurinol post-treated group (12 rats).CH= Contol hesperidin group (6 rats). H= Hesperidin 
group (12 rats). HR= Hesperidin pre-treated group (12 rats). RH= Hesperidin post-treated 
group (12 rats). CAH= Contol allopurinol + hesperidin group (6 rats). AH= allopurinol + 
hesperidin group (12 rats). AHR= Allopurinol + hesperidin pre-treated group (12 rats). 
RAH= Allopurinol + hesperidin post-treated group (12 rats). 
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Figure (33): Serum LDL-C/HDL-C ratio of all differe nt studied groups. 
 

C= Control group (6 rats). R= irradiated group (12 rats). CA= Control allopurinol group (6 
rats). A= Allopurinol group (12 rats). AR= Allopurinol pre-treated group (12 rats). RA= 
Allopurinol post-treated group (12 rats).CH= Control hesperidin group (6 rats). H= 
Hesperidin group (12 rats). HR= Hesperidin pre-treated group (12 rats). RH= Hesperidin 
post-treated group (12 rats). CAH= Control allopurinol + Control hesperidin group (6 rats). 
AH= allopurinol + hesperidin group (12 rats). AHR= Allopurinol + hesperidin pre-treated 
group (12 rats). RAH= Allopurinol + hesperidin post-treated group (12 rats). 
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3.3.5. Serum Very-Low-Density Lipoprotein Cholesterol  

The changes in the serum very-low-density lipoprotein cholesterol (VLDL-C) levels 
(mg/dl) in different groups are presented in Table 17 and Fig.34 

The results showed a significant increase (p< 0.05) in serum VLDL-C levels in R group 
by about 75.00 % as compared to C group.  

The CA, CH and CAH groups exhibited a non-signficant (p> 0.05) increase in serum 
VLDL-C levels by about 0.70 %, 0.20 % and 0.50 %, respectively, as compared to C group. 

The A and H groups exhibited a non-signficant (p> 0.05) increase in serum VLDL-C 
levels by about 0.80 % and 0.70 %, respectively while, AH group showed a non-signficant (p> 
0.05) decrease by about 0.90 % as compared to C group. 

Administration of A either pre or post exposure to gamma rays exhibited a significant 
decrease (p< 0.05) in the serum VLDL-C levels by about 29.00 % and 26.00 %, respectively, as 
compared to R group. 

Administration of H either pre or post irradiation showed a significant decrease (p< 
0.05) in the serum VLDL-C levels by about 31.00 % and 29.00 %, respectively as compared to 
R group. 

AHR and RAH groups revealed a significant decrease (p< 0.05) in the serum VLDL-C 
levels by about 32.00 % and 28.00 %, respectively, as compared to R group, the LSD value = 
1.11 and F value = 43.30. 
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TABLE 17. Serum VLDL-C level mg/ dl of different groups. 

Significance 
% Difference 
compared to 

irradiated group 

% Difference 
compared to 
control group 

Mean± SD 
Animals 
groups 

a  0.00 % 10.75± 1.02 C 

b  + 75.16 % 18.83± 1.80 R 

a  + 0.74 % 10.83± 1..05 CA 

a  + 0.84 % 10.84± 1.03 A 

c - 28.70 % + 24.93 % 13.43± 1.30 AR 

c - 25.90 % + 29.77 % 13.95± 1.36 RA 

a  + 0.20 % 10.77± 1.00 CH 

a  + 0.65 % 10.82±1.04 H 

c - 31.20 % + 20.47 % 12.95± 1.20 HR 

c - 29.20 % + 24.00 % 13.33± 1.30 RH 

a  + 0.50 % 10.80± 1.03 CAH 

a  - 0.93 % 10.65± 1.02 AH 

c - 31.80 % + 19.44 % 12.84± 1.20 AHR 

c - 28.20 % + 25.77 % 13.52 ± 1.20 RAH 

F Value= 43.30 LSD= 1.11 

Similar characters denote insignificance between groups. 
The mean difference is significant at P≤ 0.05. 

C= Control group (6 rats). R= irradiated group (12 rats). CA= Contol allopurinol group (6 
rats). A= Allopurinol group (12 rats). AR= Allopurinol pre-treated group (12 rats). RA= 
Allopurinol post-treated group (12 rats).CH= Contol hesperidin group (6 rats). H= Hesperidin 
group (12 rats). HR= Hesperidin pre-treated group (12 rats). RH= Hesperidin post-treated 
group (12 rats). CAH= Contol allopurinol + hesperidin group (6 rats). AH= allopurinol + 
hesperidin group (12 rats). AHR= Allopurinol + hesperidin pre-treated group (12 rats). 
RAH= Allopurinol + hesperidin post-treated group (12 rats). 
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Figure (34): Serum VLDL-C levels (mg/dl) of all different studied groups. 
 

C= Control group (6 rats). R= irradiated group (12 rats). CA= Control allopurinol group (6 
rats). A= Allopurinol group (12 rats). AR= Allopurinol pre-treated group (12 rats). RA= 
Allopurinol post-treated group (12 rats).CH= Control hesperidin group (6 rats). H= 
Hesperidin group (12 rats). HR= Hesperidin pre-treated group (12 rats). RH= Hesperidin 
post-treated group (12 rats). CAH= Control allopurinol + Control hesperidin group (6 rats). 
AH= allopurinol + hesperidin group (12 rats). AHR= Allopurinol + hesperidin pre-treated 
group (12 rats). RAH= Allopurinol + hesperidin post-treated group (12 rats). 
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3.3.6. Serum triacylglycerols  

The triacylglycerols (TG) concentrations (mg/dl) in the serum of different animal groups 
are presented in Table (18) and illustrated in Fig. (35).  

There were marked significant elevations in serum TG levels (p<0.05) in R group by 
about 75.00 % as compared to C group.  

CH and CAH groups exhibited a non-signficant (p> 0.05) decrease in serum TG levels 
by about 0.30 % and 0.10 %, respectively, while, CA group exhibited a non-significant (p> 
0.05) increase by about 0.10 % as compared to C group. 

A and H groups independently revealed a non-signficant (p> 0.05) increase by about 
0.80 % and 0.70 %, respectively while, AH group revealed a non-signficant (p> 0.05) decrease 
by about 0.80 % as compared to R group. 

AR and RA groups induced a significant decrease (p< 0.05) in serum TG levels by 
about 29.00 % and 28.00 %, respectively as compared to R group. 

The HR and RH groups showed a significant decrease (p< 0.05) in serum TG levels by 
about 33.00 % and 29.00%, respectively as compared to R group. 

AHR and RAH groups provoked a significant decrease (p< 0.05) in serum TG levels by 
about 34.00 % and 31.00 %, respectively as compared to R group, the LSD value = 5.04 and F 
value = 42.70. 

 

 

 

 

 

 

 

 

 

 



3. Results 

 
 

 108 

TABLE 18. Serum triacylglycerols level mg/dl of different groups. 

Significance 
% Difference 
compared to 

irradiated group 

% Difference 
compared to 
control group 

Mean± SD 
Animals 
groups 

a  0.00 % 53.75± 5.10 C 

b 0.00 % + 75.13 % 94.13± 8.93 R 

a  + 0.10 % 53.80± 5.20 CA 

a  + 0.84 % 54.20± 5.13 A 

c - 28.70 % + 24.90 % 67.13± 6.41 AR 

c - 25.90 % + 26.00 % 67.71± 6.76 RA 

a  - 0.30 % 53.60± 5.00 CH 

a  + 0.65 % 54.10± 5.20 H 

c - 31.20 % + 16.60 % 62.67± 6.04 HR 

c - 29.20 % + 23.96 % 66.63± 6.41 RH 

a  - 0.10 % 53.70± 5.12 CAH 

a  - 0.84 % 53.30±5.10 AH 

c - 31.80 % + 15.91 % 62.30± 5.84 AHR 

c - 28.20 % + 20.20 % 64.60 ± 6.02 RAH 

F Value= 43.30 LSD= 1.11 

Similar characters denote insignificance between groups. 
The mean difference is significant at P≤ 0.05. 

C= Control group (6 rats). R= irradiated group (12 rats). CA= Contol allopurinol group (6 
rats). A= Allopurinol group (12 rats). AR= Allopurinol pre-treated group (12 rats). RA= 
Allopurinol post-treated group (12 rats).CH= Contol hesperidin group (6 rats). H= Hesperidin 
group (12 rats). HR= Hesperidin pre-treated group (12 rats). RH= Hesperidin post-treated 
group (12 rats). CAH= Contol allopurinol + hesperidin group (6 rats). AH= allopurinol + 
hesperidin group (12 rats). AHR= Allopurinol + hesperidin pre-treated group (12 rats). 
RAH= Allopurinol + hesperidin post-treated group (12 rats). 
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Figure (35): Serum triacylglycerols levels (mg/dl) of all different studied groups. 

 
C= Control group (6 rats). R= irradiated group (12 rats). CA= Control allopurinol group (6 
rats). A= Allopurinol group (12 rats). AR= Allopurinol pre-treated group (12 rats). RA= 
Allopurinol post-treated group (12 rats).CH= Control hesperidin group (6 rats). H= 
Hesperidin group (12 rats). HR= Hesperidin pre-treated group (12 rats). RH= Hesperidin 
post-treated group (12 rats). CAH= Control allopurinol + Control hesperidin group (6 rats). 
AH= allopurinol + hesperidin group (12 rats). AHR= Allopurinol + hesperidin pre-treated 
group (12 rats). RAH= Allopurinol + hesperidin post-treated group (12 rats). 
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3.2.8. Testicular High-Density Lipoprotein Cholesterol  

The changes in the testicular high-density lipoprotein cholelsterol (HDL-C) levels (mg/g 
wet tissues) in different groups are shown in Table 19 and Fig.36. 

The presented data showed that exposure of animals to fractionated γ-irradiation 
exhibited a significant increase (p< 0.05) in testicular HDL-C levels in R group by about 39.00 
% as compared to C group. 

The CA and CAH groups exhibited a non-signficant (p> 0.05) increase in testicular 
HDL-C levels by about 0.20 % and 0.30 %, respectively, while, CH group was non-signficant 
(p> 0.05) as compared to C group. 

The A, H and AH groups showed a non-significant increase (p> 0.05) in testicular HDL-
C levels by about 0.10 %, 1.60 %, 2.40 %, respectively, as compared to C group. 

The AR and RA groups exhibited a significant reduction (p< 0.05) in testicular HDL-C 

levels by about 18.00 % and 17.00 %, respectively as compared to R group. 

HR and RH groups showed a significant decrease (p< 0.05) in the testicular HDL-C 

levels by about 13.00 % and 17.00 %, respectively, as compared to R group. 

AHR and RAH groups revealed a significant decrease (p< 0.05) in the testicular HDL-C 
levels by about 12.00 % and 13.50 %, respectively, as compared to R group, the LSD value = 
1.20 and F value = 12.83. 
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TABLE 19. Testicular HDL-C level mg/ g wet tissue of different groups. 

Significance 
% Difference 
compared to 

irradiated group 

% Difference 
compared to 
control group 

Mean± SD 
Animals 
groups 

a  0.00 % 10.16± 1.13 C 

b 0.00 % + 38.88 % 14.11± 1.34 R 

a  + 0.20 % 10.18± 1.15 CA 

a  + 0.10 % 10.17± 1.17 A 

c - 17.80 % + 14.17 % 11.60± 1.10 AR 

c - 17.40 % + 14.76 % 11.66± 1.15 RA 

a  0.00 % 10.16± 1.14 CH 

a  + 1.57 % 10.32±1.21 H 

c - 13.30 % + 20.47 % 12.24± 1.16 HR 

c - 16.70 % + 15.65 % 11.75± 1.13 RH 

a  + 0.30 % 10.19± 1.10 CAH 

a  + 2.36 % 10.40± 1.25 AH 

c - 12.12 % + 22.05 % 12.40± 1.16 AHR 

c - 13.50 % +20.10 % 12.20 ± 1.16 RAH 

F Value= 12.83 LSD= 1.20 

Similar characters denote insignificance between groups. 
The mean difference is significant at P≤ 0.05. 

C= Control group (6 rats). R= irradiated group (12 rats). CA= Contol allopurinol group (6 
rats). A= Allopurinol group (12 rats). AR= Allopurinol pre-treated group (12 rats). RA= 
Allopurinol post-treated group (12 rats).CH= Contol hesperidin group (6 rats). H= Hesperidin 
group (12 rats). HR= Hesperidin pre-treated group (12 rats). RH= Hesperidin post-treated 
group (12 rats). CAH= Contol allopurinol + hesperidin group (6 rats). AH= allopurinol + 
hesperidin group (12 rats). AHR= Allopurinol + hesperidin pre-treated group (12 rats). 
RAH= Allopurinol + hesperidin post-treated group (12 rats). 
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Figure (36): Testicular HDL-C levels (mg/g wet tissue) of all different studied groups. 
 

C= Control group (6 rats). R= irradiated group (12 rats). CA= Control allopurinol group (6 
rats). A= Allopurinol group (12 rats). AR= Allopurinol pre-treated group (12 rats). RA= 
Allopurinol post-treated group (12 rats).CH= Control hesperidin group (6 rats). H= 
Hesperidin group (12 rats). HR= Hesperidin pre-treated group (12 rats). RH= Hesperidin 
post-treated group (12 rats). CAH= Control allopurinol + Control hesperidin group (6 rats). 
AH= allopurinol + hesperidin group (12 rats). AHR= Allopurinol + hesperidin pre-treated 
group (12 rats). RAH= Allopurinol + hesperidin post-treated group (12 rats). 
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3.2.9. Testicular Low-Density Lipoprotein Cholesterol  

The low density lipoprotein cholesterol (LDL-C) levels (mg/g wet tissues) in the 
testicular tissue of different groups are presented in Table 20 and Fig.37 

There were marked significant elevations in LDL-C levels (p<0.05) in R group by about 
319.00 % as compared to C group. 

CA and CAH groups exhibited a non-signficant (p> 0.05) increase in testicular LDL-C 
levels by about 0.40 % and 0.80 %, respectively, while, CH group was non-signficant (p> 0.05) 
as compared to C group. 

The A and H groups either individually or collectively exhibited a non-significant 
increase (p>0.05) in LDL-C levels by about 2.60 %, 3.40 % and 1.40 %, respectively, as 
compared to C group. 

AR and RA groups induced a significant decrease (p< 0.05) in LDL-C levels by about 
61.00 % and 61.00 %, respectively, as compared to R group. 

Administration of H either pre or post irradiation showed a significant decrease (p< 
0.05) in the LDL-C levels by about 65.00 % and 65.00 %, respectively, as compared to R 
group. 

The AHR and RAH groups showed a significant decrease (p< 0.05) in the LDL-C levels 
by about 66.00 % and 65.00 %, respectively, as compared to R group, the LSD value = 0.76 
and F value = 333.70. 
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TABLE 20. Testicular LDL-C level mg / g wet tissue of different groups. 

Significance 
% Difference 
compared to 

irradiated group 

% Difference 
compared to 
control group 

Mean± SD 
Animals 
groups 

a  0.00 % 5.03± 0.50 C 

b 0.00 % + 319.48 % 21.10± 2.00 R 

a  + 0.40 % 5.05± 0.53 CA 

a  + 2.60 % 4.90± 0.50 A 

d - 61.00 % + 63.42 % 8.22± 0.80 AR 

d - 60.80 % + 64.61 % 8.28± 0.80 RA 

a  0.00 % 5.03± 0.52 CH 

a  + 3.40 % 5.20± 0.50 H 

c - 64.90 % + 47.12 % 7.40± 0.71 HR 

c - 64.70 % + 48.11 % 7.45± 0.76 RH 

a  + 0.80 % 5.07± 0.54 CAH 

a  + 1.40 % 5.10± 0.50 AH 

c - 66.00 % + 42.54 % 7.17± 0.66 AHR 

c - 64.60 % + 48.31 % 7.46 ± 0.72 RAH 

F Value= 333.70 LSD= 0.76 

Similar characters denote insignificance between groups. 
The mean difference is significant at P≤ 0.05. 

C= Control group (6 rats). R= irradiated group (12 rats). CA= Control allopurinol group (6 
rats). A= Allopurinol group (12 rats). AR= Allopurinol pre-treated group (12 rats). RA= 
Allopurinol post-treated group (12 rats).CH= Control hesperidin group (6 rats). H= 
Hesperidin group (12 rats). HR= Hesperidin pre-treated group (12 rats). RH= Hesperidin 
post-treated group (12 rats). CAH= Control allopurinol + hesperidin group (6 rats). AH= 
allopurinol + hesperidin group (12 rats). AHR= Allopurinol + hesperidin pre-treated group 
(12 rats). RAH= Allopurinol + hesperidin post-treated group (12 rats). 
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Figure (37): Testicular LDL-C levels (mg/g wet tissue) of all different studied groups. 

 
C= Control group (6 rats). R= irradiated group (12 rats). CA= Control allopurinol group (6 
rats). A= Allopurinol group (12 rats). AR= Allopurinol pre-treated group (12 rats). RA= 
Allopurinol post-treated group (12 rats).CH= Control hesperidin group (6 rats). H= 
Hesperidin group (12 rats). HR= Hesperidin pre-treated group (12 rats). RH= Hesperidin 
post-treated group (12 rats). CAH= Control allopurinol + Control hesperidin group (6 rats). 
AH= allopurinol + hesperidin group (12 rats). AHR= Allopurinol + hesperidin pre-treated 
group (12 rats). RAH= Allopurinol + hesperidin post-treated group (12 rats). 
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3.2.10. Relative Testicular LDL-C/HDL-C Ratio  

The relative testicular LDL-C/HDL-C ratios in different groups are presented in Table 
21 and Fig.38.  

There were marked significant elevations in relative testicular LDL-C/HDL-C ratios 
(p<0.05) in R group by about 201.00 % as compared to C group.  

The CA and CAH exhibited a non-signficant (p> 0.05) increase in relative testicular 
LDL-C/HDL-C ratios by about 0.20 % and 0.60 %, respectively, while, CH group was non-
signficant (p< 0.05) as compared to C group. 

The A and AH groups showed a non-significant decrease (p> 0.05) in relative testicular 
LDL-C/HDL-C ratios by about 3.20 % and 1.60 %, respectively, while, H group exhibited a 
non-significant increase (p> 0.05) by about 1.20 % as compared to C group. 

The prolonged administration of A pre and post exposure to fractionated γ-irradiation 
induced a significant decrease (p< 0.05) in relative testicular LDL-C/HDL-C ratios by about 
53.00 % and 52.00 %, respectively as compared to R group.  

HR and RH groups showed a significant decrease (p< 0.05) in the relative testicular 
LDL-C/HDL-C by about 60.00 % and 55.00 %, respectively as compared to R group. 

The AHR and RAH groups provoked a significant decrease (p< 0.05) in the relative 
testicular LDL-C/HDL-C by about 61.00 % and 59.00 %, respectively as compared to R group, 
the LSD value = 0.094 and F value = 8824.90. 
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TABLE 21. Testicular relative LDL-C/ HDL-C ratio of different groups. 

Significance 
% Difference 
compared to 

irradiated group 

% Difference 
compared to 
control group 

Mean± SD 
Animals 
groups 

a  0.00 % 4.97± 0.17 C 

b 0.00 % + 200.80 % 14.95± 0.024 R 

a  + 0.20 % 4.98± 0.20 CA 

c  - 3.22 % 4.81± 0.10 A 

i - 52.60 % + 42.66 % 7.09± 0.044 AR 

i - 52.40 % + 43.10 % 7.11± 0.024 RA 

a  0.00 % 4.97± 0.20 CH 

ad  + 1.21 % 5.03± 0.11 H 

f - 59.70 % + 21.33 % 6.03± 0.023 HR 

h - 54.70 % + 36.22 % 6.77± 0.02 RH 

a  + 0.60 % 5.00± 0.23 CAH 

ac  - 1.61 % 4.89± 0.12 AH 

e - 61.20 % + 16.70 % 5.80± 0.23 AHR 

g - 59.10 % + 23.14 % 6.12 ± 0.04 RAH 

F Value=8824.90 LSD= 0.094 

Similar characters denote insignificance between groups. 
The mean difference is significant at P≤ 0.05. 

C= Control group (6 rats). R= irradiated group (12 rats). CA= Control allopurinol group (6 
rats). A= Allopurinol group (12 rats). AR= Allopurinol pre-treated group (12 rats). RA= 
Allopurinol post-treated group (12 rats).CH= Control hesperidin group (6 rats). H= 
Hesperidin group (12 rats). HR= Hesperidin pre-treated group (12 rats). RH= Hesperidin 
post-treated group (12 rats). CAH= Control allopurinol + hesperidin group (6 rats). AH= 
allopurinol + hesperidin group (12 rats). AHR= Allopurinol + hesperidin pre-treated group 
(12 rats). RAH= Allopurinol + hesperidin post-treated group (12 rats). 
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Figure (38): Testicular relative LDL/HDL ratio of a ll different studied groups. 
 

C= Control group (6 rats). R= irradiated group (12 rats). CA= Control allopurinol group (6 
rats). A= Allopurinol group (12 rats). AR= Allopurinol pre-treated group (12 rats). RA= 
Allopurinol post-treated group (12 rats).CH= Control hesperidin group (6 rats). H= 
Hesperidin group (12 rats). HR= Hesperidin pre-treated group (12 rats). RH= Hesperidin 
post-treated group (12 rats). CAH= Control allopurinol + Control hesperidin group (6 rats). 
AH= allopurinol + hesperidin group (12 rats). AHR= Allopurinol + hesperidin pre-treated 
group (12 rats). RAH= Allopurinol + hesperidin post-treated group (12 rats). 
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4. Discussion 

Apoptosis is the process of programmed cell death. It is a natural process of self-
destruction in certain cells, such as epithelial cells and erythrocytes that are genetically 
programmed to have a limited life span or are damaged. The cells disintegrate into membrane-
bound particles that are then eliminated by phagocytosis. Apoptosis triggered by exogenous 
and endogenous stimuli such as radiation, oxidative stress, and genotoxic chemicals is a 
crucial phenomenon within biological systems (Rastogi & Sinha 2009).  

Apoptosis results from cytomorphological alterations (White & Cinti, 2004), DNA 
fragmentation (Wyllie, 1980), activation of caspases (Hofmann et al., 2001; Vallat et al., 
2003), membrane alterations (Bossy-Wetzel & Green, 2000) and mitochondrial damage 
(Scorrano et al., 2002). Apoptosis may be inhibited by stimulation of the IAP (inhibitors of 
apoptosis proteins that regulate both the intrinsic and extrinsic pathways) family of proteins 
(Deveraux & Reed, 1999 and Jendrossek, 2011), caspase inhibition (Mocanu et al., 2000), 
PARP (poly [ADP-ribose] polymerase) inhibition (Graziani & Szabo, 2005), and by 
inhibiting the expression and/or function of Bax (Hochhauser et al., 2003; Hetz et al., 2005). 

Apoptosis has to be tightly regulated since too little or too much cell death may lead to 
pathology, including developmental defects, autoimmune diseases, neurodegeneration, or 
cancer. Excessive apoptosis may be a feature of some conditions such as autoimmune 
diseases, neurodegenerative diseases, and ischemia-associated injury. Radiation, hypoxia, 
hyperthermia, and free radicals have been shown to stimulate apoptosis (Chinnaiyan, 1999; 
Hill et al., 2004).  

There are two major apoptotic pathways: the intrinsic and the extrinsic pathways 
(Haupt et al., 2003). In both pathways, signaling results in the activation of caspases (a 
family of cys (cysteine) proteases), that play a key role in the initiation and execution of 
apoptosis (Ghavami et al., 2009; Green et al., 2009). 

4.1. Effect of Irradiation on Apoptosis in Testicular 
Tissues of Male Rats. 

In the present study, whole body exposure to 2Gy gamma irradiation every other day 
up to a total dose of 8Gy induced apoptosis in testicular tissues of male rats. The relative 
testes/body weight ratio showed a significant decrease as compared to control rats. 
Biochemical analysis revealed an increase in the percentage of DNA fragmentation. 
Histological examination of testicular tissues of irradiated rats through electron microscope 
revealed degeneration of sertoli cells, swelling mitochondria appearing as empty vesicles, 
highly degenerated spermatids and cluster of spermatids with characterized a crosomal cap, 
deteriorated cytoplasm and cytoplasmic tag, blebbing of cells, abnormal nuclei containing 
condensed chromatin.  

The results are consistent with previous findings revealing that DNA damage as a 
result of ionizing radiation (IR) is one of the principal triggers of apoptosis (Batista et al., 
2009). DNA damage activates p53 in nucleus and cytoplasm (Vousden & Lu, 2002 and Tian 
et al., 2007), which stimulate apoptosis (Haupt et al., 2003). Following DNA damage, 
increased level of Bax and/or decreased level of Bcl-2 may permeabilize the mitochondria to 
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release pro-apoptotic factors, such as cytochrome-c, which trigger subsequent activation of 
procaspase, followed by downstream apoptotic effectors (Crompton, 2000). 

Apoptosis may also be initiated by the effect of ROS on cell surface death receptors, 
such as TNF1 receptor as well as Fas (Haupt et al., 2003, Yan & Shi, 2005 and Kim et al., 
2009). These receptors activate death caspases within seconds of ligand binding, causing an 
apoptotic demise of the cell within hours (Jung & Kim 2004).  

Radiation-induced apoptosis may result also from an increase in the activity of USF 
and NF-Y transcription factors and accumulation of cyclin B1, (Cogswell et al., 1995, Katula 
et al., 1997, Lisa et al., 2000 and Li & Yang, 2007). Moreover, γ-Radiation is known to 
activate several signaling cascades, including activation of Abl, BTK, JNK, Lyn, Fyn, Raf-1, 
and Src kinases (Muschel et al., 1993, Kharbanda et al., 1995, Kharbanda et al., 1994, 
Uckun et al., 1996 and Kasid et al., 1996). Activation of any or all of these signaling 
molecules by γ -radiation may result in an increase in cyclin B1 transcription. Accumulation 
of cyclin B1 following irradiation is associated with an activation of the cdc2 kinase. 

Activation of cdc2 and/or cdk2 is associated with multiple forms of apoptosis, including the 
cell death induced by FAS, (Zhou et al., 1998) TNF and granzyme B (Shi et al., 1994) 

4.1.1. DNA fragmentation 

The significant increase in DNA fragmentation observed in the testicular tissues of 
irradiated rats may be due to the direct effect of radiation on DNA molecule as well as the 
indirect effect of reactive oxygen speices resulting from water radiolysis which results in 
severe DNA double-strand breaks (DSBs) (Lakin & Jackson, 1999, Gudowska et al., 2007). 
Benitez-Bribiesca and Sanchez-Suarez (1999) explained that gamma radiation initially 
induced the formation of single strand break (SSB) followed by double-strand breaks (DSBs) 
in a dose-dependent manner. 

4.1.2. Calcium Ions 

In the present study, radiation-induced apoptosis in testicular tissues was associated 
with a significant increase in the level of mitochondrial Ca2+ compared to control rats. The 
results corroborate the findings that an increase in Ca2+ concentration within a cell has the 
ability to cause apoptosis (Szalai et al., 1999, Mark et al., 2003 and Pinton & Rizzuto 
2006). The significant increase in mitochondrial Ca2+ might be attributed to the generated 
ROS and hyaluronic acid binding protein that trigger programmed cell death by accumulation 
of high concentrations of Ca2+ ion to promote pore opening of mitochondria (Anindya et al., 
2008). Otherwise mitochondrial ROS can activate MAP kinases (Levonen et al., 2001, and 
Ramachandran et al., 2002), notably, ERK1/2 activation leads to phosphorylation and 
activation of NHE-1 (Rothstein et al., 2002, and Snabaitis et al., 2002), and this may 
contribute to a feed-forward activation loop (Ca2+ ROS ERK more Na+ more Ca2+), 
enhancing [Ca2+]m overload (Figure. 39). The precipitating events (boxes) are acidosis, 
elevated AMP, and ROS generation. A feed-forward loop is hypothesized, encompassing 
mitochondrial ROS generation, MAPKs, and [Ca2+]m overload (Brookes et al., 2004 and 
Feissner et al., 2009) 
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Figure (39). Cross-talk between the pathways of mitochondrial dysfunction, ROS, and Ca2+ 
overload.  

The Ca2+ ion is one of the most important and versatile intracellular messengers in 
eukaryotic cells. Elevations of Ca2+ concentration may not only activate a variety of cellular 
functions, but may also induce apoptosis or, paradoxically, even prevent apoptosis (Szalai et 
al., 1999 and Brini & Carafoli, 2009). A biphasic mechanism, where moderate [Ca2+] 
concentration elevations are antiapoptotic, but excessive [Ca2+] concentration elevations are 
proapoptotic (Putney 1990 and Youssefi et al., 2000). Increased Ca2+ may trigger apoptosis, 
as it is the source for INS IP3-dependent Ca2+ spikes which lead to Ca2+-dependent activation 
of the mitochondrial transition pore (Szalai et al., 1999). 

The mitochondrial Ca2+ loading contributes to the induction of molecular cell death 
cascades in several different paradigms (Hajnocazky et al., 2003, Szabadkai & Rizzuto 
.2004, Gunter et al., 2004 and Ermak and Davies 2001). Ca2+ induced release of 
mitochondrial cytochrome c into the cytosol is an early and key step linking the triggering 
phase of apoptosis to the executioning phase. Two main hypotheses concerning the 
mechanism of Ca2+ induced cytochrome c release from mitochondria have been suggested. 
One involves the activation of MPT (Mitochondrial permeability transition) by Ca2+ and 
mitochondrial depolarization and swelling followed by the rupture of the outer mitochondrial 
membrane causing the cytochrome c release (Bernardi .1999, Halestrap et al., 2000, 
Halestrap et al., 1998 and Crompton.1999). The second hypothesis, suggests that a distinct 
threshold of extramitochondrial Ca2+ in low micromolar range is sufficient to mediate the 
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release of cytochrome c independent of MPT without mitochondrial swelling or outer 
membrane rupture (Schild et al., 2001 and Bernardi & Rasola, 2008). 

Ca2+ induced ROS production depends on Ca2+ accumulation into the mitochondrial 
matrix. The mechanism by which Ca2+ accumulation promotes ROS generation is unclear. 
One possible explanation is that by binding to cardiolipin molecules; Ca2+ may impair the 
flow of electrons within the electro transport chain at the site, most likely within complex III, 
which is proximal to the site of ROS generation (Grijalba et al., 1999 and Petrosillo et al., 
2004). In fact, it has been reported that complex III contains tightly bound cardiolipin 
molecules that appear to be essential for the catalytic function (Gomez & Robinson 1999 
and Lange et al., 2001).  

Among mitochondrial constituents, cardiolipin appears particularly susceptible to 
ROS attack either because of its high content of unsaturated fatty acids (90 % represented by 
linoleic acid) or because of its location in the inner mitochondrial membrane, near of the site 
of ROS production. At relatively high Ca2+ level, the mechanism of the cytochrome c release 
would involve ROS production leading to cardiolipin peroxidation with subsequent 
detachment of cytochrome c from the inner mitochondrial membrane followed by ROS-
dependent MPT opening, probably by oxidizing critical thiol groups of adenine nucleotide 
translocase, a known reported constituent of the pore (Kanno et al., 2004, Petrosillo et al., 
2004 and Paradies et al., 2011). The possibility that ROS and Ca2+ could interact with 
cardiolipin molecules tightly bound to adenine nucleotide translocase inducing conformational 
change to this protein, thus causing MPT opening causes cytochrome c release via matrix 
swelling and rupture of the mitochondrial membrane (Bernardi & Rasola, 2008). 

Ca2+ distribution is modulated by kinetic rather than thermodynamic parameters 
(Azzone et al. 1977 and Rizzuto et al., 2000), in the sense that it represents a steady state 
where electrophoretic Ca2+ uptake is precisely matched by Ca2+ efflux via at least two 
separate pathways: (i) a Na+-independent Ca2+ efflux pathway, possibly a H+-Ca2+ exchanger, 
and (ii) a Na+-dependent Ca2+ efflux pathway, most probably a Na+-Ca2+ exchanger. An 
additional pathway for Ca2+ release may be represented by the permeability transition pore 
(PTP), a non-selective high-conductance channel, which is under intense scrutiny as both a 
potential target and an effector mechanism in cell death (Rizzuto et al., 2000 and Murgia et 
al., 2009). 
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Figure (40). Schematic representation of the mitochondrial Ca2+ transport pathways in 
energised mitochondria.1: uptake pathways. 2-4: efflux pathways. H+-Ca2+ (2), Na+-Ca2+ (3), 
exchangers, and the permeability transition pore (4) adopted from (rizzuto et al., 2000). 

Bcl-2 can form ion channels in lipid bilayers, and it is widely distributed in 
intracellular membranes including the outer mitochondrial membrane. Among other 
possibilities, it has been proposed that Bcl-2 could act on Ca2+ signalling by affecting ion 
fluxes across the organelle membranes (Minn et al. 1997). Bcl-2 over expression alters Ca2+ 
in the cytosol, the mitochondrial matrix and in the lumen of intracellular Ca2+ stores (the ER 
and the Golgi apparatus) (Pinton et al. 2000).  

Overload of Ca2+ also activates the protease calpain (Cheng & Sun, 1994), which 
converts xanthine dehydrogenase (XDH) to xanthine oxidase (XO), leading to ROS 
generation. Interestingly, mitochondria also contain a protease that can convert XDH to XO, 
and this enzyme is released under conditions of mitochondrial stress (Saksela et al., 1999 and 
Brookes et al., 2004). Subsequently, the generation of ONOO– (from NO·and O2–) damages 
DNA and both directly and indirectly activates nuclear poly-ADP-ribose polymerase (PARP-
1) (Szabo & Dawson, 1998, and Virag & Szabo, 2002). PARP-1 then catalyzes the 
hydrolysis of NAD+ into nicotinamide plus PAR, causing depletion of NAD+ (Alano et al., 
2004). This results in cellular energy failure and necrotic cell death. Intriguingly, it has been 
shown that PARP-1 activation, possibly via generation of non-protein-bound PAR polymers, 
leads to a loss of m and the release of both cytochrome c and apoptosis-inducing factor 
(AIF) (Yu et al., 2002). 

4.1.3. Oxidative stress 

In the present study radiation-induced apoptosis in testicular tissues was associated 
with oxidative stress manifested by a significant increase in the level of TBARS and the 
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activity of XO concomitant with a significant decrease in the activities of SOD and CAT. 
Furthermore the content of nuclear GSH showed a significant decrease in parallel with a 
significant increase in the level of GSSG. GSH/GSSG ratios showed a significant decrease 
after irradiation. The results may be interpreted by the fact that oxidative stress has a primary 
effect on the mitochondrial membrane, where associations between proapoptotic and 
antiapoptotic members of the Bcl-2 family (eg, Bax and Bcl-XL or Bcl-2 and BclW, 
respectively) are altered (Adams & Cory, 1998; Hengartner, 2000) allowing the release of 
cytochrome c and the eventual activation of a caspase cascade, which ultimately results in the 
fragmentation of a cell's DNA (Green, 1998). Consistent with this pathway, Bax is the 
predominant proapoptotic molecule in the rat testis, where it exhibits increased expression in 
oxidative stress (Lysiak et al, 2000) mediator of apoptosis (Buttke & Sandstorm 1994, 
Cotran 1998 and Turner & Lysiak, 2008).  

Reactive oxygen species could also act by regulating the expression of some 
mitochondrial components such as Bcl-xL. At least three well-defined transcription factors: 
nuclear factor kappa B, activator protein-1, and signal transducers and activators of 
transcription have been identified to be regulated by the intracellular redox state (Sen & 
Packer, 1996,). Bcl-xL expression appears to be regulated by the three families of 
transcription factors (Chen et al., 2000, Jacobs-Helber et al., 1998, and Silva et al., 1999). 
According to the results obtained it appears that apoptosis results from increased lipid 
peroxidation; one of the major mechanisms of tissue injury. Degradation of membrane-bound 
sphingomyelinase produces ceramide, which initiates an apoptotic cascade, suggesting 
membrane-triggered events in the mechanism of cellular apoptosis (Mishra, 2004). 

MDA is a major oxidation product of per oxidized poly-unsaturated fatty acids, 
increased MDA content and reduction of SOD & CAT activities are important indicators of 
lipid peroxidation. This may be due to an enhanced generation of O.-2 and H2 O2 that 
accelerated peroxidation of native membrane lipids.Peroxidation of mitochondrial membrane 
led to loss of cell integrity, increase in membrane permeability and alteration of Ca2+ 
homeostasis that contribute to cell death due to alteration in the inner membrane potential 
(Shaban et al., 2003 and López et al., 2010). 

The elevated level of TBARS resulted from the interaction of the excess of •OH, 
resulting from the radiolysis of water upon exposure to ionizing radiation, with 
polyunsaturated fatty acids in the phospholipids portion of cellular membranes (Spitz et al. 
2004). SOD is the first line of defence in the body against O.-

2 and is considered as the most 
effective antioxidant. The specific activity of SOD was reduced after toxic exposure. It is 
suggested that SOD may be inhibited by toxic by direct interaction with the enzyme 
molecules and modification of the post-transcriptional or post-translational steps in the 
enzyme synthesis. Another explanation for inhibition of SOD may be due to the action of O.-

2, 
in free state or after their transformation to H2O2, an oxidation of the cysteine in the enzyme 
(Shaban et al., 2003).Therefore, the significant decrease in the activity of SOD and CAT 
might be, also, attributed to the excess of ROS, which interacts with the enzyme molecules 
causing their denaturation and partial inactivation (Kregel & Zhang 2007). The depletion in 
GSH may be due to its reaction with free radicals resulting in the formation of thiyl radicals 
that associate to produce oxidized glutathione (GSSG) (Roy et al., 2006).  

The detrimental effects of ionizing radiation are associated, also, with alteration in the 
xanthine oxidoreductase (XOR) system through the conversion of xanthine dehydrogenase 
(XDH) into xanthine oxidase (XO) (Srivastava et al. 2002). The XOR system consists of two 
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inter-convertible forms, xanthine oxidase (XO) and xanthine dehydrogenase (XDH), the later 
account about 90% of the total activity of XOR and has no role in the initiation or potentiation 
of oxidative damage in the cells. However, in many pathological conditions, XDH is 
converted to XO associated with an increase in the production of superoxide anion (O2

•–) 
(Saada et al., 2010). Superoxide anion can be converted spontaneously or enzymatically into 
hydrogen peroxide (H2O2) and then into the highly reactive hydroxyl radical (•OH), that 
initiate the lipid peroxidation chain reaction (Candeias et al. 1995 and Saada et al., 2010). 
Superoxide anion may react, also, with nitric oxide (NO) to generate the cytotoxic 
peroxynitrite anion (ONOO–) (Huie & Pasmaja 1993 and Saada et al., 2010).  

In the present study, the significant increase in XO activity might be attributed to 
radiation-induced hypoxia where insufficient oxygen availability elevates calcium 
concentration, which activates a protease capable of converting the XDH to XO (McCord 
1985). In agreement with this postulation, a significant increase was recorded in the 
mitochondrial calcium content of testicular tissues. Furthermore, the results obtained showed 
that radiation-induced significant depletion in the content of GSH, which is essential for 
maintaining XDH in its reduced form (Kooij et al., 1994 and Saada et al., 2010).  

 

4.1.4. NO-dependent apoptosis 

In the present study, radiation-induced apoptosis was associated with a significant 
increase in the level of mitochondrial NO, compared to control rats. The results corroborate 
with the findings that over production of NO promotes apoptosis (Brune et al., 1999) by 
inducing apoptotic signaling pathways (Sasaki et al., 2000). Mitochondrial NO• leads to 
mitochondrial depolarization and release of mitochondrial cytochrome c into the cytosol 
(Brookes et al., 2000). This could be explained according to the following concept: XIAP is 
the most potent caspase inhibitor in the IAP family and inhibits both the initiator caspase 9 
and the effector caspases 3 and 7 (Deveraux & Reed, 1999). Its caspase-inhibiting activity is 
negatively regulated by at least two XIAP-interacting proteins, XAF1 (XIAP-associated factor 
1) and mitochondrial proapoptotic factor Smac/DIABLO (Deveraux & Reed, 1999 and 
Holcik et al., 2001). Nitric oxide reduced levels of the XIAP protein and induced apoptotic 
signaling pathways, with particular emphasis on the involvement of IAP gene products 
(Sasaki et al., 2000).  

On the other hand, mitochondria produce NO in a Ca2+-dependent fashion 
(Ghafourifar & Richter, 1997) , and they are well known sources of O2  radicals. 
Intramitochondrial Ca2+-dependent ONOO formation is, therefore, very likely. The mtNOS 
induced cytochrome c release (Ghafourifar et al., 1999 and Deng et al., 2007). This may 
explain the mechanism by which an elevated Ca2+ level induces apoptosis in a manner that 
requires mitochondrial Ca2+ uptake and is prevented by inhibiting NOS activity, lowering O2  
level, and scavenging ONOO (Stout et al., 1998, Baek et al., 1997 and Carreras & 
Poderoso, 2007).  

4.1.5. Lipids 

Lipids in the blood, primarily triglycerides and cholesterol are essential. Yet they 
become a healthy threat and a factor of reduced longevity when the blood contains too much 
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of them. Hyperlipidemia plays a pivotal role in testis damage. So, blood lipids must be 
maintained at the proper levels and ratios (Mehta et al., 2003).  

The results obtained in the current study showed that exposure to irradiation results in 
hyperlipidemia. Significant increase in the level of TG, TC, LDL-C, and VLDL-C and 
significant decrease in the level of HDL-C were recorded in the serum.  

The hyperlipidemic state observed in the present study could be attributed to hepatic 
damage (Chrysohoou et al., 2004). The increase in serum TG levels might result from 
inhibition of lipoprotein lipase (Sedlakova et al., 1986 and Mutoh et al., 2008) or increased 
in its synthesis (Lamarche et al., 1997 and El-Batal et al., 2008), However, hyperlipidemia 
might result from radiation induces injury to cellular membranes consequently fats are 
released in the circulation, by intestinal mucosa, adipose tissues, and liver. Thus, the increase 
in serum cholesterol may be originated from the migration of tissue cholesterol via the blood 
circulation or/and the decrease in utilization of cholesterol for synthesis of higher substances 
(Said et al., 2004). In the present study, the elevated level of TC might result from increased 
synthesis in the liver as an early reaction necessary for the restoration of biomembranes 
(Kolomijtseva, 1986 and El-Batal et al., 2008). Elevated serum LDL-C levels might result 
from radiation-induced damage to the receptors on the surface of many cells in the body that 
prevents the ingestion of LDL-C by endocytosis (Huang et al., 1995 and El-Batal et al., 
2008).  

In the current study, apoptosis in testicular tissue was associated with a significant 
increase in the level of testicular LDL-C, HDL-C and the LDL-C/HDL-C ratios, compared to 
the corresponding control values. 

There are several mechanisms that may account for the Fas-mediated cell death by 
OxLDL-C. First, OxLDL-C may alter the levels of the bcl-2 family of proteins, which 
function as positive and negative regulators of apoptosis (Oltvai et al., 1993, Nishio et al., 
1996, Pirillo et al., 2001 and Meier et al., 2009). Second, OxLDL-C may activate the Fas 
pathway through receptor aggregation, as has been reported for ultraviolet radiation-induced 
apoptosis (Rehemtulla et al., 1997). Third, OxLDL-C might bring about changes in the 
intracellular Fas-signaling pathway. Candidate targets include the FADD-binding suppressors 
of apoptosis (Irmler et al., 1997, Hu et al., 1997, and Srinivasula et al., 1997). 

4.2. Effect of Allopurinol and Hesperidin on Apoptosis in 
Testicular Tissues of Irradiated Male Rats. 

The testis is very sensitive to ionizing irradiation (Manda et al, 2007), which results 
in germ cell apoptosis (Hasegawa et al, 1997; De Rooij et al, 2002). So, testicular oxidative 
stress is strongly associated with testicular dysfunction (Sigman & Jarow, 2007) and appears 
to be a common feature in much of what underlies male infertility (Turner and Lysiak 
2008); therefore the antioxidants play an important role in the treatment of male infertility.  

A variety of radioprotective mechanisms have been proposed to explain the 
prophylactic and therapeutic effects of a large number of agents.Naturally occurring 
antioxidants are only one class of radioprotectors. Although a large number of potential 
radioprotectors, especially those containing sulfhydryl groups can be considered antioxidants; 
there are clearly protectors or therapeutic agents that work mainly through receptor-mediated 
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mechanisms, e.g. bioactive lipids, cytokines and growth factors (Citrin et al., 2010). A 
discrete classification of protectors is difficult. Those that act through chemical processes and 
those that act through receptor-mediation may lead to similar results, but through different 
pathways. Sulfhydryl compounds may protect cellular DNA by a combination of 
mechanisms, including free radical scavenging, hydrogen donation, and modulation of repair 
processes, whereas a cytokine may induce cellular antioxidant activity, such as SOD and 
metallothionein, via receptor-mediated mechanisms. Some synthetic protectors or 
pharmacological agents are similar or identical to endogenous or naturally occurring 
radioprotectors that are measurable in vivo in small amounts, e.g. N-acetylcysteine, 
cysteamine, and dithiolthiones (Weiss & Landauer, 2003). 

The data showed that reduction of lipid peroxidation, TBARs, ROS, GSSG with 
elevation in GSH level, SOD and CATactivities, after adminstrition of allopurinol, hesperidin 
and allopurinol+hesperidin may be due to their potent free radical scavenging power acting 
within the cells to capture and destroy peroxides before they can interfere with the integrity 
ofthe cell membrane (Shaban et al., 2003). Flavonoids enhance cellular antioxidant defenses 
and in turn protect against the damaging effects induced by oxygen radicals (Myhrstad et al., 
2002, and Skaper et al., 1997). The formation of superoxide which is dependent on the 
activation of NADPH oxidase localized in the plasma membrane is inhibited by flavonoid 
(Tauber et al., 1984 and Choi et al., 2005). Furthermore, flavonoids showed scavenging 
activity against H2O2 and superoxide anion generated by the xanthine-xanthine oxidase 
system (Ruch et al., 1989 and Choi et al., 2005). Flavonoids inhibits lipid peroxidation by 
acting as strong •OH and O2

•- scavengers (Baumann et al., 1980) and 1O2 quenchers (Sorata 
et al., 1984 and Choi et al., 2005). 

The initiation of lipid peroxidation can be induced by •OH and metal ion-free radical 
(such as perferryl and ferryl) complexes (Halliwell & Gutteridge, 1990). Flavonoids react 
with •OH and, therefore, can be very important chain breaking antioxidants (Huguet et al., 
1990 and Yazdanparast & Ardestani , 2007). 

Lipid peroxidation may be prevented at the initiation stage by free radical scavengers, 
while the chain propagation reaction can be intercepted by peroxy-radical scavengers such as 
phenolic antioxidants (Roesler et al., 2008). 

The chain breaking antioxidant action of flavonoids on lipid peroxidation can be 
represented as shown below: 

 

Where FL-OH represents the flavonoid. Termination of lipid radical (L•), lipid peroxyl 
radical (LOO•), and alkoxyl radical (LO•) (formed by reinitiation of lipid peroxidation 
induced by metal ions) by phenolic antioxidants is shown below: 

 

Where A-OH represents phenolics (e.g., α-tocopherol, flavonoids) and AO• represents 
the phenoxyl radical. It has also been proposed that flavonoids react with lipid peroxyl 
radicals (LOO•) leading to the termination of radical chain reactions (Roesler et al., 2008). 



4. Discussion 

 
 

 128 

H2O2 injury Flavonoids F
as

L 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (41). Schematic diagram showing survival signaling of flavonoids oxidant-induced 
endothelial apoptosis.As depicted, these flavonoids inhibit the direct apoptotic signaling cascades 
induced by H2O2. The → indicates activation or induction, and ┴ indicates inhibition or blockade 
(Choi et al., 2005) 

Both hesperidine and its aglycone hesperitin possess a wide range of biological 
activities (Cesarone et al., 2005 and Kaur et al., 2006). Hesperidine was reported to possess 
antilipemic (Miwa  et al., 2004, Miwa et al., 2005) and anti-inflammatory activities (Choi et 
al., 2001). Another outstanding feature of hesperidine is that it suppresses cyclooxygenase-2 
(COX-2) gene expression (Hirata et al., 2005).  

On the other hand, allopurinol, a xanthine oxidase inhibitor, has been used in the 
treatment of gout (Thanassoulis et al., 2010). Allopurinol has also been shown to improve 
endothelial dysfunction, reduce oxidative stress burden and improve myocardial efficiency 
(George & Struthers, 2009). 

In the current study, biochemical analysis of the studied parameters demonstrated that 
administration of allopurinol, or hesperidin or allopurinol + hesperidine either pre or post 
irradiation results in significant reduction of radiation-induced apoptosis. Electron micrograph 
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of a section in the testis of rats receiving allopurinol, hesperidin as well as allopurinol + 
hesperidine either pre or post irradiation shows regeneration of spermatids with healthy nuclei 
and mitochondria and improvement in sperm. However, the improvement was more significant 
when treatment with A, H and AH performed pre irradiation  and was nearly similar  for the 
three treatments.  

The results obtained demonstrated that antioxidants administration has significantly 
improved the relative testes/body weight ratio which showed a significant increase, compared 
to irradiated rats. The results are consistent with the findings of Okamoto and Nishino, 
(1995) who reported that allopurinol attenuate testicular weight reduction induced by 
cryptorchidism in the rats (Vigueras-Villaseñor et al., 2009).  

It is well documented that ionizing radiation-generated reactive oxygen species (ROS) 
result in oxidative damage to the cell membrane and its consequent role in the mechanism of 
apoptotic cell death. The determination of induction of apoptosis in irradiated tissues showed 
a time-dependent DNA fragmentation, suggesting that radiation-induced permeability changes 
and occurrence of apoptotic death in tissues are closely correlated (Mishra & Kumar , 2005 
and Dong et al., 2010). In the current study, the reduction of apoptosis in testicular tissues of 
irradiated rats obtained by administration of allopurinol, or hesperidin or allopurinol + 
hesperidine was associated with significant reduction in the percentage of DNA 
fragmentation. In addition, the level of TBARS and the activity of XO showed significant 
decrease compared to irradiated rats. Antioxidants treatment enhanced, also, the activity of 
SOD and CAT, compared to irradiated rats. Furthermore the content of nuclear GSH showed 
significant increase in parallel with a significant decrease in the level of GSSG. The 
GSH/GSSG showed a significant increase compared to irradiated rats (Lim et al., 2009).  

In the current study, the antiapoptotic activities of allopurinol might be attributed to its 
antioxidant activities. Rosa et al., (2004) reported a decrease in DNA fragmentation, and cell 
death associated with inhibition of XO by allopurinol. The results corroborate the findings of 
Signorelli et al., (2001) who found that allopurinol blocks the production of ROS mediated 
by XO. Furthermore, allopurinol reduces lipid peroxidation induced by gamma radiation 
through scavenging free radicals generated from radiolytic decomposition of cellular water 
(Srivastava et al., 2002).  

The results are consistent with Meyer et al. (2008) who found that in a rat model of 
testicular ischemia reperfusion, treatment with allopurinol decreases germ cell apoptosis in 
both ischemic and contra lateral testes and improves spermatogenesis. 

The antiapoptotic activities of hesperidine may results from its effects on minimizing 
radiation-induced DNA damage that might be attributed to its antioxidant and free radicals 
scavenging activities (Ibrahim, 2008). This could be explained according to the following 
concept: it is known that ROS downregulate the antiapoptotic bcl-2 gene and up-regulate the 
pro-apoptotic bax gene. In addition, enhancement of ROS has been reported to elicit 
translocation of cytosolic bax to mitochondria, and to activate bax to induce the release of 
cytochrome c from mitochondria, stimulating caspases. The decrease in bcl-2 protein 
expression and the increase in bax expression are blocked by hesperidine. Furthermore, 
caspase-3 activation is blocked by hesperidine (Hosseinimehr & Nemati, 2006).  

Hesperidin can function as 1) metal chelators and reducing agents, 2) scavengers of 
ROS, 3) chain-breaking antioxidants, 4) quenchers of the formation of singlet oxygen, and 5) 
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protectors of ascorbic acid; conversely, ascorbic acid can protect flavonoids against oxidative 
degradation. The results obtained for hesperidin administration are consistent with the 
findings that hesperidin prevents apoptosis induced by ROS (Choi et al., 2003) by inhibiting 
xanthine oxidase activity (Kang et al., 2006). Furthermore, HDN administration ameliorated 
the increased level of lipid peroxidation and improves the levels of endogenous antioxidant 
enzymes SOD and catalase and GSH (Tirkey  et al., 2005).  

In the current study, administration of allopurinol, hesperidin as well as allopurinol + 
hesperidine either before or after irradiation has significantly ameliorated the radiation-induced 
damage in the ultrastructure configuration of testicular tissues associated with a decrease in the 
radiation-induced increase in the level of mitochondrial Ca+2 and NO, compared to irradiated 
rats.  

The results are in agreement with Rothstein et al., (2002) who reported that 
allopurinol reduces the mitochondrial calcium ion level induced by gamma radiation. The 
decrease in mitochondrial NO might be attributed to the role of allopurinol in scavenging NO• 
(Srivastava et al., 2002,) thereby reducing the mitochondrial NO• level (Rothstein et al., 
2002 and Kang et al., 2006). 

Hesperidin reduces the mitochondrial calcium ion level (Kang et al., 2006). 
Hesperidin reduces also the mitochondrial NO• level, by improvement of the levels of 
endogenous antioxidant enzymes SOD and catalase and GSH (Tirkey  et al., 2005) 
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Summary and conclusions 
 

Ionizing radiation represents both a carcinogenic agent for healthy tissues and a 
therapeutic tool against solid tumours. The effects of prolonged exposure of normal tissues to 
low doses of high energy radiation are still not known at the molecular and clinical level. 
Understanding their molecular effects will aid not only in developing more tailored 
therapeutic strategies, but also in assessing the oncogenic potential of galactic cosmic rays 
and in implementing radio-protective measures, essential prerequisite for the long-time 
permanence of men in space. 

Radiation affects people by depositing energy in body tissues. The extent of the 
damage depends upon the total amount of energy absorbed, the time period and dose rate of 
exposure. In other words, the type of effects and their probability of occurrence depend on 
whether the exposure occurs over a large part of a person's lifespan (chronic) or during a very 
short portion of the lifespan (acute). 

Oxygen metabolism in living cells leads to the unavoidable production of ROS which 
are involved in the onset of many diseases. ROS attack the unsaturated fatty acids of 
biomembranes, which results in lipid peroxidation and the destruction of proteins and DNA. 
This leads to a series of deteriorative changes in the biological systems which results in cell 
inactivation and appearance of several diseases. Hence the importance of this study is to find 
some antioxidants for use in the prevention of apoptosis such as allopurinol, hesperidin and 
allopurinol + hesperidin. 

 
The aim of this study is: 

The aim of the present work was to get more information on the relationship between 
radiation-induced biochemical changes and apoptosis in the testicular tissues of male albino 
rats and to evaluate the role of some antioxidants against radiation-induced damage in 
testicular tissues. This goal was achieved by: 

 
• Assessment of Apoptosis 

 Assessment of the percentage of DNA fragmentation in testicular tissues, calcium 
ions in the mitochondria of testicular tissues, determination of the relative testis and body 
weight ratio and approved by histological investigation through transmission electron 
microscope of testicular tissues This part was examined and evaluated by Prof. Dr Seham Abo 
Elnoor, Assistant Professor of Histology, National Center for Radiation Research and 
Technology (NCRRT),Egyptian Atomic Energy Authority (EAEA). 

 
• Assessment of oxidative stress and antioxidants 

  Determination of the activity of superoxide dismutase (SOD), catalase, and xanthine 
oxidase and the content of thiobarbituric acid reactive substances in whole testicular tissues.  

  Determination of the content of reduced glutathione and oxidized glutathione in the 
nucleus, and nitric oxide ions in the mitochondria of testicular tissues. 

• Assessment of Lipids  
  Assessment of lipid profile in the serum and the content of HDL-C and LDL-C in 

testicular tissues.  
•••• Evaluation of the modulatory effect of allopurinol supplied either before or after 

irradiation.  
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•••• Evaluation of the modulatory effect of hesperidine supplied to rats either before or 
after irradiation.  

•••• Evaluation of the modulatory effect of allopurinol + hesperidine supplied to rats either 
before or after irradiation . 

 

This study included the following: 

 Animals and experimental design    

After an adaptation period of 10 days, one hundred and forty four (144) rats were 
randomly distributed into 14 groups.  

1. Control group (C): rats (number= 6) didn’t receive any treatment. 

2. Irradiated group (R): rats (number= 12) were whole body subjected to gamma irradiation 
installed as 2 Gy each other day up to a total dose of 8 Gy for 10 days. 

3. Allopurinol group (A): rats (number= 12) received via i.p allopurinol (50 mg/kg body 
weight which dissolved in 0.1 M NaHCO3 solution) for 7 successive days.  

4. Control Allopurinol group (CA):  rats (number= 6) received via i.p. 1 ml of 0.1 M 
NaHCO3 solution (vehicle) for 7 successive days. 

5. Allopurinol pre-treated group (AR): rats (number= 12) received via i.p allopurinol as 
mentioned before in group 3 then from the 8th day on, they were whole body subjected to 
gamma irradiation as mentioned before in group 2 (R). 

6. Allopurinol post-treated group (RA): rats (number= 12) were whole body subjected to 
gamma irradiation as mentioned before in group 2 (R), then from the 8th day on received via 
i.p. allopurinol as mentioned before in group 3. 

7. Hesperidin group (H): rats (number= 12) received orally hesperidin (200 mg/kg body 
weight which dissolved in DMSO solution) for 7 successive days. 

8. Control hesperidin group (CH): rats (number= 6) received orally 1 ml of DMSO solution 
(vehicle) for 7 successive days.  

9. Hesperidin pre-treated group (HR): rats (number= 12) received orally hesperidin as 
mentioned before in group 7 then from the 8th day on, were whole body subjected to gamma 
irradiation as mentioned before in group 2 (R). 

10. Hesperidin post-treated group (RH): rats (number= 12) were whole body subjected to 
gamma irradiation as mentioned before in group 2 (R), then from the 8th day on, received 
orally hesperidin as mentioned before in group 7. 

11. Allopurinol + Hesperidin group (AH): rats (number= 12) received via i.p. allopurinol as 
mentioned before in group 3 in parallel to oral administration of hesperidin as mentioned 
before in group 7. 

12. Control Allopurinol + Hesperidin group (CAH): rats (number= 6) received via i.p. 1ml 
of 0.1 M NaHCO3 solution (vehicle) in parallel to oral administration of 1ml of DMSO 
solution (vehicle) for 7 successive days. 
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13. Allopurinol + Hesperidin pre-treated group (AHR): rats (number= 12) received 
allopurinol treatment in parallel to hesperidin treatment then on the 8th day on, were whole 
body subjected to gamma irradiation as mentioned before in group 2 (R). 

14. Allopurinol + Hesperidin post-treated group (RAH): rats (number= 12) were subjected 
to whole body subjected to gamma irradiation as mentioned before in group 2 (R), afterward 
on the 8th day they were administrated allopurinol + hesperidin protocols.  

 
The results of the present work revealed that: 

Male albino rats were whole body subjected to 2Gy every other day up to a total dose 
of 8Gy. Animals sacrificed on the 8th day after irradiation showed significant decreases in 
testis/body weight ratio. Biochemical analysis in testicular tissues showed significant 
decreases in SOD and CAT activities, concomitant with significant increase in XO activity 
and TBARS contents. Radiation exposure induced also significant increases in testicular DNA 
fragmentation, significant increases in mitochondrial NO and Ca+2 contents associated with 
significant decrease in nuclear GSH content. Testicular LDL-C content showed a significant 
increase which was much higher than its increase in serum, the content of HDL-C increased 
significantly, contrarily to serum where a significant decrease was recorded. Histological 
examination through electron microscope revealed apoptosis in testicular tissue. 

Either allopurinol (50 mg/kg body weight supplied via intra peritoneal injection) or 
Hesperidine (200 mg/kg body weight supplied orally by gastric intubation) or allopurinol + 
hesperidine supplied to rats during 7 consecutive days before irradiation or during 7 
consecutive days after irradiation result in significant decrease of apoptosis associated with 
significant amelioration in the disequilibrium between antioxidants and oxidants. All 
treatments have improved the biochemical alteration in testicular tissues as well as 
mitochondrial and nuclear changes. However, the improvement was significantly higher when 
allopurinol, or hesperidine or allopurinol + hesperidine were administered before irradiation. 
According to the results obtained in the current study, it could be concluded that antioxidants 
supplementation would protect testicular tissues from apoptosis. 

 
Conclusions 

According to the results obtained in the present study, exposure to ionizing radiation 
induced damage to DNA either through the direct action of irradiation or from the excess of 
free radicals generated in tissues upon exposure to ionizing radiation. Oxidative stress and 
subsequent lipid peroxidation affect the mitochondrial membrane permeability resulting in 
overload of mitochondrial calcium ion followed by the biochemical events leading to 
apoptosis. Administration of allopurinol or hesperidine, or allopurinol + hesperidine either 
before or after exposure to ionizing radiation has minimized radiation-induced apoptosis. 
However, the modulation of radiation-induced apoptosis was more significant when 
antioxidants were administrated before irradiation. The results were nearly similar for 
allopurinol, hesperidin and allopurinol + hesperidine. This could be explained according to the 
following concept: administration of antioxidants before exposure to irradiation results in an 
increase in the level of exogenous antioxidants in the body fluid so they act as free radicals 
scavengers for the excess of free radicals generated in the aqueous media of the cells due to the 
indirect effect of ionizing radiation. Consequently, they maintain the oxidant/antioxidants 
balance and thus counteract the radiolytic effect of ionizing radiation and protect DNA from 
oxidative damage as well as preserve the integrity of cellular membranes. 
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Recommendations 
 
According to the results of our study we recommend the following: 

• Avoiding exposure to ionizing radiation. 
• Administration of antioxidants before irradiation. 
• Administration of antioxidants before radiotherapy to avoid irradiation side effects. 
• Drinking lemon and orange juice due to it rich in hesperidin.   
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 ملخص واستنتاجات
 

 
 م�سرطن ل,ن�سجة ال�سليمة وأداة ع�جي�ة ض�د ا ورام عام�ل يمث�ل ك�� م�ن  شعاع  ذو ح�دين فھ�وا�شعاع المؤين

 غي�ر  مازالت من ا�شعاع عالي الطاقة لجرعات منخفضة وطبيعية لفترات طويلةالنسجة ا  تعرض رآثا .الصلبة
ل�يس فق�ط ف�ي وض�ع اس�تراتيجيات س�وف ي�ساعد ھ�ا الجزيئي�ة  وفھ�م آثار.الطب�ي على المستوى الجزيئي وهمعروف

 وتنفي�ذ ت�دابير  عل�ى اح�داث ال�سرطانا ش�عة الكوني�ة المجري�ةق�دره تقي�يم  ع�جية أكثر م�ءمة ، ولكن أي�ضا ف�ي
 ع�ن طري�ق إي�داع الطاق�ة ف�ي أن�سجة اWن�سان ا�ش�عاع ي�ؤثر عل�ى .كاح�دى وس�ائل اWم�ان ضد ھذه اWشعه وقائية
أخ�رى ،  بعب�ارة  .، الفترة الزمنية ومعدل جرعة التعرضكميه الطاقه الممتصهمدى الضرر على  تمد يعو. الجسم
 م�ن عم�ر ال�شخص فت�رات طويل�هعل�ى  واحتم�ال ح�دوثھا تعتم�د عل�ى م�ا إذا ك�ان التع�رض يح�دثالت�اثيرات نوع 

لحية يؤدي الى انت�اج  الخ�يا اداخل ا وكسجين ايض .)حاد(الشخص    من عمر فترات قصيره أو خ�ل) مزمن(
 تھ�اجم العوام�ل المؤك�سده الن�شطه . ظھور الكثير من ا مراض الىيتؤد التي )ROS (العوامل المؤكسده النشطه

)ROS (  غشيها حماض الدھنية غير المشبعةWوت�دمير البروتين�ات مما يؤدي ال�ى التك�سير التاك�سدي لل�دھون  با
 تثب�يط الخ�ي�ا  مم�ا ي�ؤدي ال�ىفي النظم البيولوجيةالمدمره لتغيرات وھذا يؤدي إلى سلسلة من ا .والحمض النووي

 البح�ث ع�ن بع�ض الم�واد الم�ضادة م�ن خ��لھن�ا ت�أتي أھمي�ة ھ�ذه الدراس�ة   وم�ن.ا م�راض وظھ�ور العدي�د م�ن
الوبيورين��ول  مث��ل ھي��سبيريدين ،) W)apoptosisس��تخدامھا ف��ي الوقاي��ة م��ن م��وت الخ�ي��ا المب��رمج ل�ك��سدة
  .ھيسبيريدين+ ينول والوبيور

  
   والھدف من ھذه الدراسة ھو

:  
 هالتغي�رات البيوكيميائي�ة الناجم� حصول على مزيد من المعلوم�ات ب�شأن الع�ق�ة ب�ينالالھدف من ھذا العمل  وكان

خ�صية ذك�ور الج�رذان وتقي�يم دور بع�ض الم�واد  ف�ي أن�سجة) apoptosis(المب�رمج موت الخ�يا وعن ا�شعاع 
  : وق��د تحق��ق ھ��ذا الھ��دف م��ن خ���ل .سدة ض��د ال��ضررالناجم ع��ن ا�ش��عاع ف��ي أن��سجة الخ��صيةالم��ضادة ل�ك��

  
  

  )apoptosis(تقييم موت الخ�يا المبرمج •
  

ف�ي   ف�ي أن�سجة الخ�صية ، وأيون�ات الكال�سيوم)DNA(لتجزئ�ة الحم�ض الن�ووي الن�سبة المئوي�ة تقييم عن طريق 
 الت�ى ت�م التحق�ق منھ�ا ع�ن طري�ق وزن الخ�صيتين والج�سم كك�لوتعي�ين الن�سبة ب�ين ميتوكوندريا أنسجة الخصية ،

فح�صھا وتقييمھ�ا م�ن قب�ل ئي�ه ت�م  الجزه ھ�ذالتقديرات الھستولوجية بواسطة المجھ�ر اWلكترون�ى  ن�سجة الخ�صية
ا�ش�عاع   وتكنولوجي�ا ، أس�تاذ م�ساعد ف�ي عل�م ا ن�سجة ، المرك�ز الق�ومي للبح�وثسھام أبوالن�ور الدكتور ا ستاذ

) TNCRR(الھيئة المصرية للطاقة الذرية ،•) EAEA(  
  

  والمواد المضادة ل�كسدة العبء التاكسدي تقييم •
 

 ىومحت��و xanthineoxidase ,catalase,  )SOD(superoxide dismutaseتعي��ين ن��شاط   
sthiobarbituric acid ف���������������������ي ان���������������������سجه الخ���������������������صيه كك���������������������ل .   
المؤك�سد ف�ي الن�واة ، وأيون�ات أك�سيد النيتري�ك ف�ي تحديد محتوى الجلوت�اثيون المخت�زل والجلوت�اثيون   

   .ميتوكوندريا أنسجة الخصية
  

 تقييم الدھون •
  
في أنسجة  C-LDL, C-HDL  C ومضمونالدم في ) lipid profile(تقييم ملف المادة الدھنية  •

  .الخصية
  

 
 إما قبل أو بعد التعرض ل=شعاع التعديلي ل�لوبيرينولتأثير التقييم   •
 الموردة للفئران إما قبل أو بعد التعرض ل=شعاع hesperidineالتعديلي تأثير التقييم   •



 ملخص واستنتاجات

 
 
 

 ١٥٥

 المDوردة للفئDران إمDا قبDل أو بعDد التعDرض  hesperidine+ allopurinol التعDديليتDأثير  التقيDيم •
  ل=شDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDعاع

  
  وشملت ھذه الدراسة ما يلي

  
  الحيوانات والتصميم التجريبي 
  

   . مجموعات رئيسية٥ الفئران وزعت عشوائيا إلى  من٤٤١، أيام ١٠لمدة بعد فترة تكيف 
  

  تتلقى أي ع�ج لمجرزان ٦:   الضابطهالمجموعة .١
ت��صل ل ي��وم/ي��ومج��راى  ٢ الج��سم كل��ه ع��رض  ش��عة جام��ا  ج��رز١٢:  المعرضDDة ل�شDDعاعالمجموعDDة .٢
  . خ�ل عشرة ايام جراى٨ ھا مجموع كليةجرعةل

 أي�ام ٧لم�دة ) كغم من وزن الجسم/  ملغم ٥٠ (p . iرينول الوبيوتلقت جرز١٢ :المجموعة الوبيورينول .٣
 .متتالية

م��وWرمن بيكربون��ات  ٠،١م��ل م��ن محل��ول  1 تلق��ت ناج��رز ٦ : الDDضابطةالوبيورينDDول  المجموعDDة .٤
  . أيام متتالية٧ لمدة  ) 3NaHCO (الصوديوم

كم�ا ذك�ر م�ن قب�ل   الوبيورينولتلقت جرز١٢:  التعرض ل�شعاعالوبيورينول قبلبالمعالجة  المجموعة .٥
  .٢كما ذكر من قبل فى المجموعة شعة جاما  ) الجسم كله( عرضوا، ٣ فى المجموعة

كم�ا    ش�عة جام�ا عرضالجسم كله  جرز١٢: بعد التعرض ل�شعاعالوبيورينول بالمعالجة  المجموعة .٦
 .٣ ل فى المجموعةكما ذكر من قب  الوبيورينولتلقت الجرزان ٨يوم ال، ثم من ٢ذكر من قبل فى المجموعة 

كغ�م م��ن وزن /  ملغ�م ٠٢٠ ( ع�ن طري�ق الف�م ھي�سبيريدين تلق�ت  ج�رز١٢: ھيDسبيريدينلاالمجموعDة  .٧
 . أيام متتالية٧لمدة ) الجسم

 أي�ام ٧ لم�دة  )DMSO (م�ل م�ن محل�ول  1 تلق�ت الت�ي ناج�رز ٦ : الDضابطةھيDسبيريدين المجموعDة .٨
 .متتالية

 ع�ن طري�ق الف�م ھي�سبيريدين تلق�ت  جرز١٢: عرض ل�شعاع التقبل ھيسبيريدينبالمعالجة  المجموعة .٩
كم�ا ذك�ر م�ن قب�ل ف��ى  ش��عة جام�ا ) الج�سم كل�ه( عرض�وا ، ٨ث�م م�ن الي�وم  ٧ كم�ا ذك�ر م�ن قب�ل ف�ى المجموع�ة

  .٢المجموعة 
كم�ا    ش�عة جام�اعرضالجسم كله   جرز١٢: بعد التعرض ل�شعاع ھيسبيريدينبالمعالجة  المجموعة .١٠

كم�ا ذك��ر م�ن قب��ل ف��ى ع�ن طري��ق  ھي�سبيريدين تلق�ت الج��رزان ٨ي��وم ال ث��م م�ن  .٢مجموع�ة ذك�ر م��ن قب�ل ف��ى ال
 .٧ المجموعة

 ٣ كما ذك�ر م�ن قب�ل ف�ى المجموع�ة  الوبيورينولتلقت جرز١٢: ھيسبيريدين+ المجموعة الوبيورينول .١١
 . ٧كما ذكر من قبل فى المجموعة   ھيسبيريدينبالتوازى مع

م�وWرمن  ٠،١م�ل م�ن محل�ول  1 تلق�ت ناج�رز ٦ : الDضابطة ھيDسبيريدين+ الوبيورينDول المجموعDة .١٢
 أي�ام ٧ لم�دة  ع�ن طري�ق الف�مDMSO مل�ى م�ن محل�ول ١ بالتوازي مع تناولNaHCO 3 بيكربونات الصوديوم

 .متتالية
  الوبيورين�ولتلق�ت ج�رز١٢:  التعDرض ل�شDعاعھيسبيريدين قبDل+  الوبيورينولبالمعالجة  المجموعة .١٣

ث�م م�ن  ٧كم�ا ذك�ر م�ن قب�ل ف�ى المجموع�ة  عن طري�ق الف�م ھيسبيريدين وكذلك ٣قبل فى المجموعة كما ذكر من 
 .٢كما ذكر من قبل فى المجموعة شعة جاما  ) الجسم كله(عرض  ، ٨اليوم 

 ع�رضالج�سم كل�ه  ج�رز١٢: بعد التعDرض ل�شDعاع ھيسبيريدين+  الوبيورينولبالمعالجة  المجموعة .١٤
كم�ا ذك�ر م�ن قب�ل ف�ى    الوبيورين�ولتلقت الج�رزان ٨يوم ال، ثم من ٢قبل فى المجموعة كما ذكر من  شعة جاما 

 .٧كما ذكر من قبل فى المجموعة  عن طريق الفم ھيسبيريدين وكذلك ٣  المجموعة
 

  : وكشفت نتائج ھذه الدراسة ما يلي 
  

ولق�د ض�حى . جرى٨كلية  جرى يوم و يوم كجرعة ٢لقد عرضت ذكور الجرزان الجسم ككل Wشعة جاما بمعدل 
بھم ف�ى الي�وم الث�امن بع�د التع�رض ل�ش�عاع ولق�د أظھ�رت النت�ائج انخف�اض معن�وى ملح�وظ ف�ى الن�سبة ب�ين وزن 

ن�شاط ك�� م�ن اWنزيم�ات كيميائي في أنسجة الخصية انخف�اض كبي�ر ف�ي بيوأظھر التحليل الو.  الخصيتين والجسم
CAT&SOD مصاحب لذلك زيادة فى نشاط انزيم XO محتوى و TBARS.  



 ملخص واستنتاجات

 
 
 

 ١٥٦

 لخ��صية ، زي��ادات كبي��رة ف��يل DNA  زي��ادة كبي��رة ف��ي تفتي��ت الحم��ض الن��وويه عن��ي��نجم التع��رض لwش��عاع 
 الن�واة انخفاض كبير في محت�وىب المرتبطة )NO( وأكسيد النيتريت الكالسيوممن أيونات  الميتوكوندريا محتويات

 الكول��سترول ف��ى محت��وى ان��سجة الخ��صية م��ن زي��ادة كبي��رة  أظھ��ر ل�ش��عاعالتع��رض.  GSH الجلوت��اثيونم��ن 
الكول�سترول  محت�وى ان�سجة الخ�صية م�ن  أم ،ال�دمة ف�ي ت� وھو أعلى بكثير م�ن زياد)LDL-C(المنخفض الكثافة

.  حي��ث س��جلت انخفاض��ا كبي��رال��دما  لمن��سوبه ف��ى إل��ى ح��د كبي��ر ، وخ�ف��افانھ��ا ت��زدادا )HDL-C ( الكثاف��ةالع��الى
 ع�ن الم�وت المب�رمج للخ�ي�ا لخ�ي�ا ف�ي أن�سجة الخ�صيةلمجھ�ر اWلكترون�ي وكشف الفحص النسيجي من خ�ل ال

)apoptosis( .  
 200 الھي�سبيريدين (أو) كغ�م م�ن وزن الج�سم ت�وفيره ع�ن طري�ق الحق�ن البريت�وني/  ملغ�م ٥٠(إم�ا الوبيورين�ول 

+ يورين���ول أو الوب)  بواس��طة إدخ���ال أنب���وب إل��ى المع���دةت ع��ن طري���ق الف���مكغ���م م��ن وزن الج���سم ق���دم/ ملغ��م 
  أيام متتالية بعد التشعيع يؤدي إلى انخفاض كبي�ر ف�ي٧ أيام متتالية قبل أو أثناء تشعيع ٧ خ�ل وذلك الھيسبيريدين

المرتبط��ة م��ع تح��سن كبي��ر ف��ي اخ��ت�ل الت��وازن ب��ين م��ضادات ا ك��سدة ) apoptosis(لخ�ي��ال الم��وت المب��رمج
ل��سابقة ادات ال��ى تح��سن ف��ى التغي��رات البيوكيميائي��ة عل��ى كم��ا ان اس��تخدام ك��ل المعالج��ات ا. وم��ضادات اWك��سدة

وم��ع ذل��ك ، ك��ان التح�سن أعل��ى بكثي��ر عن��دما كان��ت . م�ستوى أن��سجة الخ��صية والع��ضيات م��ن ميتوكون�دريا ون��واة
ووفقا لنتائج التي تم .  التعرض ل�شعاعقبل الھيسبيريدين +أو الوبيورينول الھيسبيريدين الوبيورينول ، أو تستخدم
ل عليھا في الدراسة الحالية ، يمكن الخلوص إلى أن مضادات ا كسدة التكميلية من شأنه أن يحمي الخ�ي�ا الحصو

  . )apoptosis(الم������������������وت المب������������������رمج للخ�ي������������������ا   م������������������نم������������������ن أن������������������سجة الخ������������������صية
  

  :ا[ستنتاجات
   

ضرار التي لحقت  ا هووفقا لنتائج التي تم الحصول عليھا في ھذه الدراسة ، والتعرض لwشعاع المؤين الناجم عن
 )ال�شوارد الح�رة( سواء من خ�ل العمل المباشر لwشعاع أو من فائض من الجذور الح�رة DNAالحمض النووي

 وال�حق�ة بيروك�سيد ال�دھون ت�ؤثر عل�ى ان الع�بء التأك�سدى.المتولدة في ا ن�سجة عن�د التع�رض ل,ش�عة المؤين�ة
ح��داث  ا  الميتوكون��دريا تليھ��ا داخ��لد م��ن أي��ون الكال��سيومنفاذي��ة غ��شاء الميتوكون��دريا مم��ا أدى إل��ى الحم��ل الزائ��

 +، أو الوبيورين��ول الھي�سبيريدين الوبيورين��ول أو ان تن�اول.البيوكيميائي�ة الت�ي ت��ؤدي إل�ى م��وت الخ�ي�ا المب��رمج
 م�وت ه ا�ش�عاع الن�اجم عن� اث�رالتقلي�ل م�ن ي�ؤدى ال�ى إما قبل أو بع�د التع�رض ل�ش�عاعات المؤين�ة الھيسبيريدين

أكثر أھمية عندما  من ا�شعاع الناجم  ومع ذلك ، فإن تعديل موت الخ�يا المبرمج (apoptosis) لخ�يال المبرمج
وكان���ت النت��ائج م���شابھة تقريب��ا Wلوبيورين���ول ، . ل�ش��عاع  التع���رض قب��لالم���واد الم��ضادة ل�ك���سدة  تن��اولك��ان

 الم��واد الم��ضادة ان تن��اول: ق��ا للمفھ��وم الت��الي ويمك��ن تف��سير ذل��ك وف الھي��سبيريدين +ھي��سبيريدين والوبيورين��ول
 زيادة في مستوى المواد المضادة ل�كسدة الخارجية في السوائل ف�ي انه يؤدى الىل�كسدة قبل التعرض لwشعاع ف

 للف�ائض م�ن الج�ذور الح�رة المتول�دة ف�ي الوس�ط الم�ائي م�ن الخ�ي�ا )الكسحات(الجسم بحيث تكون بمثابة الزبالين
الم�واد الم��ضادة / ك��سدة ا  التوازن ب�ينوبالت�الي ، فإنھ�ا تح��افظ علٮ�. ير غي��ر المباش�ر لwش�عاع الم��ؤينب�سبب الت�أث

 م�ن ا�ش�عاعات المؤين�ة وحماي�ة الحم�ض الن�ووي م�ن التل�ف radiolytic ت�أثير  أو كبحل�كسدة وبالتالي مواجھة
  .التأكسدي وكذلك الحفاظ على س�مة ا غشية الخلوية

  
   :التوصيات

  
  : فقا لنتائج دراستنا نوصي بما يلي وو
  
  . تجنب التعرض ل,شعة المؤينة• 
  
  . التعرض ل�شعاع المواد المضادة ل�كسدة قبل تناول• 
  
  .  للتعرض ل�شعاعالمواد المضادة ل�كسدة قبل الع�ج با شعة لتجنب ا�ثار الجانبية تناول• 
  
  .ھيسبيريدينبالشرب عصير الليمون والبرتقال نظرا  نھا غنية • 
  
  



دراسة بيوكيميائية على تاثير بعض مضادات ا�كسدة على الموت 
  المبرمج للخلية فى ذكور الجرزان المعرضة ل�شعاع

  

  الرسالة مقدمة

  لكلية العلوم جامعة ا&سكندرية

  للحصول على درجة الماجستير

  

  فى

  

  الكيميـــــــــــــــــــــاء الحيويـــــــــــــــــــــــــــة

  من

  اته ھاشم عبده قدوس أحمد شح

  المركز القومى لبحوث وتكنولوجيا ا�شعاع- معيد بقسم بحوث بيولوجيا ا�شعاع

  ھيئة الطاقة الذرية

  

  لجنة ا&شراف

  ناديـــــة ذكــــــــى شعبــــــــــــــــان. د.ا
  الكيمياء الحيوية أستاذ 

  ورئيس قسم الكيمياء الحيوية
  كلية العلوم

 جامعة ا�سكندرية

  أحمــــــد مصطفـــى زھران. د.أالمرحوم 
  استاذ الكيمياء الحيوية وبحوث بيولوجيا ا�شعاع

المركز القومى -قسم بحوث بيولوجيا ا�شعاع
  لبحوث وتكنولوجيا ا�شعاع

  ھيئة الطاقة الذرية
 

  
  فاطمــــــــــة حســــــــــــن الرشيــــــــــــــــــــدى.د

  مدرس الكيمياء الحيوية
  كلية العلوم

 جامعة ا�سكندرية

٢٠١١ 



دراسة بيوكيميائية على تاثير بعض مضادات ا�كسدة على الموت 
  المبرمج للخلية فى ذكور الجرزان المعرضة ل�شعاع

  

  الرسالة مقدمة

  ةـــــة ا)سكندريـــــوم جامعـــــة العلـــــلكلي

  للحصول على درجة الماجستير

  

  فى

  

  الكيميـــــــــــــــــــــاء الحيويـــــــــــــــــــــــــــة

  

  من

  

  أحمد شحاته ھاشم عبده قدوس 

  المركز القومى لبحوث وتكنولوجيا ا�شعاع - معيد بقسم بحوث بيولوجيا ا�شعاع

  ھيئة الطاقة الذرية

  

  

٢٠١١ 



دراسة بيوكيميائية على تاثير بعض مضادات ا�كسدة على الموت 
  المبرمج للخلية فى ذكور الجرزان المعرضة ل�شعاع

  الرسالة مقدمة

  لكلية العلوم جامعة ا&سكندرية

  للحصول على درجة الماجستير

  فى

  الكيميـــــــــــــــــــــاء الحيويـــــــــــــــــــــــــــة

  من 

   ھاشم عبده قدوسأحمد شحاته

  المركز القومى لبحوث وتكنولوجيا ا�شعاع- معيد بقسم بحوث بيولوجيا ا�شعاع

  ھيئة الطاقة الذرية

  :المناقشةلجنة 
  

  سمير مصطفى عبد العزيز. د.ا

   استاذ الكيمياء احليوية 

  ورئيس مركزالشرق األوسط االقليمى للنظائر املشعة للدول العربية

  القاهرة

  

   عبد المنعم شرفايمان. د.ا

   استاذ الكيمياء احليوية

   ورئيس قسم الكيمياء احليوية مبعهد البحوث الطبية

  جامعة االسكندرية

  

  نادية ذكى شعبان. د.ا

   استاذ الكيمياء احليوية

   كلية العلوم - ورئيس قسم الكيمياء احليوية

  جامعة االسكندرية

  



  : ا	شرافمجلس
  

  نـــــاى شعبــــة ذكـــــنادي. د.ا

   استاذ الكيمياء احليوية

   كلية العلوم - ورئيس قسم الكيمياء احليوية

  جامعة االسكندرية

  
  
  
  
  
  

  انــــرى زهــــأحمــــــد مصطف. د.أالمرحوم 

  استاذ الكيمياء احليوية وحبوث بيولوجيا االشعاع

  املركز القومى لبحوث وتكنولوجيا االشعاع- قسم حبوث بيولوجيا االشعاع

   الطاقة الذريةهيئة

  

  

  

  

  ـن الرشيــــــدىفاطمـة حسـ.د

  مدرس الكيمياء احليوية

  كلية العلوم

  جامعة االسكندرية
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