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ABSTRACT 

Radiation induced damage and lethality to the normal tissues can be partially reduced by the use     

of radio-protectors that lower down the damaging effects of radiation. In recent years, extensive 

research work has been carried out on chemical protection against radiation and heavy metals 

induced toxicity.  Several synthetic chemicals have been tested for their radio-protective action 

in mammals but their practical applications is found to be limited in various fields owing to their 

high toxicity at their optimum dose levels. 

Therefore, a worldwide hunt is on to find an ideal radio-protective agent for its uses against 

planned and unplanned radiation exposure. For this purpose Swiss albino mice were divided in 

various groups.  Group I was sham irradiated and served as normal. Group II was given mercuric 

chloride solution at the dose of 0.5ppm. Group third was exposed to 2.5 Gy of gamma radiations; 
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Group IV was treated with gamma radiation and mercuric chloride.  Group V, VI and VII were 

given Moringa oleifera seven days prior to radiation or mercuric chloride or combined treatment. 

The animals from all experimental groups were sacrificed by cervical dislocation at each post-

treatment interval of 1,2,4,7, 14 and 28 days.  After sacrificing the animals, pieces of the liver 

were taken out and kept at -200c for various biochemical parameters. 

The value of total proteins, glycogen, acid phosphatase & alkaline phosphatase activities and 

RNA increased whereas the values of cholesterol and DNA declined.  Almost normal values 

were noticed on day-28. After combined treatment of radiation and mercuric chloride the 

changes were more severe showing synergistic effects.  An early and fast recovery in the drug 

treated groups showing protection provided by the drug. 

Keywords: Radiation, Mercury, Liver, Mice, Moringa 

INTRODUCTION 

Discovery of radioactive rays, over a hundred 

years ago, has proved a landmark in the 

history of medical research. Extensive 

studies on radio-exposure have yielded 

plenty of information on its biological effects 

on living systems at the molecular, cellular 

and neuro-endocrine levels. Addition of 

nuclear armament in war arsenal marks a 

clear departure from conservative warfare 

and confronts us with the horrors of atomic 

warfare. The vast potential of atomic energy, 

while opening new vistas of a promising 

horizon, also exposure the global population 

to hazards of a nuclear accident like the 

Chernobyl accident that occurred at Ukraine 

in 1986. Therefore, understanding the 

biological effects of radiations of human 

body becomes an essential prerequisite in 

order to improve measures of adequate 

protection and management of injury when it 

inevitably occurs. Most of the organisms are 

not adapted to deal with high concentration 

of trace metal, the problem of metal toxicity 

arises [1]. As a result of geological 

phenomena such as ore formation, 

weathering of rocks, leaching excessive 

levels of trace metals may occur naturally. 

By metabolic active metals are not usually 

readily detoxified. Thus their release into the 

environment must be fully monitored and 

controlled. Following metals have been 
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identified as potentially hazard to human 

kind. 

Mercury (Hg) is ubiquitously distributed in 

the environment and is non-essential and 

toxic to the human body. Mercury is 

considered to be one of the major 

environmental pollutants, is widely used in 

industry, agriculture, and medicine, and 

circulates in ecosystems, but is never 

destroyed. Chemically, mercury exists in 

various forms as elemental (or metallic, Hg0) 

mercury, inorganic mercury compounds, and 

organic mercury compounds. Elemental 

mercury is liquid at room temperature, and it 

can be released easily into the atmosphere as 

mercury vapor because of its high vapor 

pressure. 

In recent times, there has been an increased 

interest on plant research in exploring their 

advantageous aspects owing to their natural 

origin, cost effectiveness and less side 

effects. One such plant, Moringa oleifera 

Lam. (Sy. Moringa pterygosperma Gaertn, 

Family: Moringaceae) is referred as “Miracle 

tree” in tropics and sub-tropics. Moringa 

oleifera is coming to the forefront as a result 

of scientific evidence that Moringa is an 

important source of naturally occurring 

phytochemicals and this provides a basis for 

future viable developments [2]. Hence, in the 

present study an attempt has been made to 

investigate the possible prophylactic role of 

Moringa against radiation and mercury 

induced biochemical changes in the liver of 

Swiss albino mice. 

MATERIALS AND METHODS 

For the present investigation, the adult 

healthy male Swiss albino mice (6-8 weeks 

old) were procured from Lala Lajpat Rai 

University of Veterinary and Animal 

Sciences, Hissar (India). The animals were 

irradiated at the dose rate ranging from 0.95 

Gy/min to 1.97 Gy/min. The dose was 

calculated at the midpoint by multiplying 

dose rate and tissue air ratio. The tissues of 

Swiss albino mice were assumed to be 

equivalent to human soft tissues. The 

mercury salt in the form of mercuric chloride 

of analytical grade was administered orally in 

drinking water at the dose of 0.5ppm. The 

dried powder of Moringa oleifera was 

procured from the Umalaxmi organics 

private limited, Jodhpur (India) and aqueous 

extract of the same was obtained in the 

department. The plant extract of Moringa 

was fed orally at the dose of 150 mg/kg body 

weight. The Moringa extract was given daily 

from seven days prior to individual or 

combined treatment of mercuric chloride and 

radiation and continued up to the last autopsy 

interval. 
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The animals were divided into following 

groups: 

The animals of group first were Sham-

irradiated and served as normal group. The 

group second animals were fed with mercuric 

chloride (0.5 ppm) orally ad libitum up to the 

end of the experiment. The animals of group 

third were exposed to 2.5 Gy of gamma rays 

from Co60 source. Group fourth animals were 

orally fed with mercuric chloride at the dose 

of 0.5 ppm and also exposed to 2.5 Gy of 

gamma radiation. The groups fifth animals 

were orally fed with mercuric chloride at the 

dose of 0.5 ppm and were also administered 

Moringa.  The animals of group sixth were 

exposed to 2.5 Gy of gamma radiation from 

Co60 source. The animals of group seventh 

were orally fed mercuric chloride at the dose 

of 0.5 ppm and also irradiated with 2.5 Gy of 

gamma radiation. The Moringa extract was 

given orally for seven days prior to 

irradiation and mercuric chloride feeding till 

the last autopsy day of the experiment. 

           Five animals from all the groups were 

autopsied after 1, 2, 4, 7, 14 and 28 days of 

the treatment. The animals were sacrificed by 

cervical dislocation. Prior to autopsy the 

animals were weighed. Five sham-irradiated 

mice were also autopsied. Immediately after 

autopsy, the liver was removed, blotted and 

weighed on electric monopan balance. The 

liver was kept at -20ºC for various 

biochemical estimations. The biochemical 

parameters taken into consideration were: 

total proteins [3], glycogen [4], cholesterol 

[5], acid and alkaline phosphatase activities 

[6], DNA [7] and RNA [8]. 

RESULTS 

The value of total proteins, glycogen, acid & 

alkaline phosphatase activities and RNA 

increased up to day-14 in the non drug 

treated groups and declined thereafter till 

day-28 without reaching to the normal. In the 

Moringa treated groups the value increased 

up to day 7 and declined thereafter till day 28 

but could not reach to the normal level. The 

value of total proteins and glycogen showed 

a decreasing trend in the mercuric chloride 

treated groups second. The cholesterol 

content and DNA showed a decreasing trend 

till day 14 in the non drug treated groups and 

day 7 in the Moringa administered groups 

and increased thereafter till day 28 without 

attaining the normal level. In the combined 

treatment group the increase and decrease in 

the value was more severe showing 

synergistic effects. An early and fast 

recovery in the Moringa pre-treated groups 

may be due to the protection provided by the 

drug. 
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Fig. 1: Total proteins 
 
 

 

Fig. 2: Glycogen 
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Fig. 3: Cholesterol 

 

 

Fig. 4: Acid Phophatase Activity 
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Fig 5: Alkaline  Phophatase Activity 
 
 

 

Fig 6: DNA 
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Fig. 7 RNA 
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substantial excess of dietary selenium intakes 

during pregnancy are at risk of giving birth to 

children with serious birth defects. Mercury 

exposures in excess of dietary selenium 

intakes in young children can have severe 

neurological consequences, preventing nerve 

sheaths from forming properly. Mercury 

inhibits the formation of myelin [9].  

Ionizing radiation is known to induce 

various physiological, and biochemical 

changes in humans and animals. Several 

molecular mechanisms of ionizing-radiation 

have been proposed, including cumulative 

damage by ROS, dislocation in replicative 

cells, genome instability, mutation, or altered 

expression of specific enzymes and cell death 

[10]. The oxidative stress due to free radical-

formation was greatly augmented during 

ionizing-radiation exposure [11]. It was 

likely that animal particular antioxidants 

generally decreased the level of oxidation in 

such systems by transferring hydrogen atoms 

to the free radical structure [12]. 

Total Proteins 

Total serum proteins are, diagnostically, of 

relative importance in assessing the state of 

health of an organism, their increase 

appearing especially in inflammatory process 

and tissue dysfunction after irradiation [13]. 

The present study revealed that irradiation 

resulted in continuous augmentation in total 

proteins in liver tissue up to day 7th that 

probably as a result of an increased transport 

of amino acid through plasma membrane as a 

consequence of permeability changes in 

irradiated cell membrane [14]. In addition, 

increased synthesis of m- RNA and 

ribonucleoprotein could also be added to the 

radiation induced increased level in proteins 

[15]. 

It has been reported that total serum 

proteins are, diagnostically, of relative 

importance in assessing the state of health of 

an organism, their increase appearing 

especially in inflammatory process and tissue 

dysfunction after irradiation.  In the present 

findings also, biochemical alterations are 

correlated with histopathological changes 

[16].  

In the present study, increase lipid 

peroxidation, due to toxic effects of mercuric 

chloride were accompanied by significant 

reductions in glutathione levels, glutathione 

peroxidase (GSH-Px), reduced glutathione 

(GST), catalase activities of the liver tissue, 

implicating of oxidative tissue damage. 

Furthermore, these tissue injuries caused 

functional impairment as evidenced with 

hepatic function tests, elevated serum of 

serum protein, albumin levels and 

transamnases (AST, ALT and ALP) activities 

demonstrated the severity of mercury 
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induced tissue damage. The pro-oxidant 

properties of mercury are well established. 

An imbalance in the antioxidant protective 

mechanisms leading to oxidative stress in the 

cells is being identified as a common factor 

in mercuric chloride exposure [17]. 

Moringa treated animals prior to irradiation 

showed a significantly lower concentration of 

protein in liver than control. Increased level 

of it was observed up to day-14 after 5.0 Gy 

irradiation, respectively. Thereafter, the 

protein level tended to recover on later 

autopsy intervals. It is suggested that 

protection of protein is due to the hydrogen 

atom donation by the protector [18]. 

Glycogen  

Higher level of hepatic glycogen after 

irradiation could be due to the stimulation of 

the pituitary-adrenal system [19, 20]. Since it 

has been shown that irradiation did not 

increase the hepatic glycogen in the 

hypophysectomized rats [21]. 

Fatty degeneration, necrosis, increase in 

connective tissues are the changes produced 

by heavy metals, which have been described 

by a number of workers [22]. Result of our 

experiments on Swiss albino mice treated 

with mercuric chloride exhibit a fall in 

glycogen values. The loss of glycogen from 

hepatocytes was statistically significant when 

compared with the values of normal group. 

The loss of glycogen in liver takes place 

before the cell necrosis and it can also drop 

in physiological circumstances. The present 

observations are in agreement with those of 

[23] who also reported decrease in glycogen 

content due to mercury toxicity, this change 

attributed to the increased glycogenolysis 

after mercury treatment. 

In the present study, when Moringa extract 

was given before mercury treatment, the 

change in glycogen content remained similar 

to that of control group (without Moringa), 

but the values were found to less prominent 

than the controls. Similar results were also 

observed with the Aloe vera [24]. 

Cholesterol  

After irradiation the reduction of cholesterol 

concentration in liver during early intervals 

might be due to the stress response caused by 

radiation which stimulates the synthesis of 

steroid hormones via hypothalamic-pituitary 

system [25]. 

In the present investigation cholesterol 

showed a significantly declining pattern till 

day-14 in the mercuric chloride treated group 

II and day-7 in the drug treated groups V but 

afterwards there was a significant elevation 

in cholesterol. It was suggested that the 

decrease in cholesterol level may be related 

to its enhanced utilization in 

corticosteroidogenesis and/or a decreased de 



Purohit RK et al                                                                                                                            Research Article 
 

 
1599 

IJBPAS, August, 2017, 6(8) 

novo synthesis.  Involvement of thyroid 

hormones has also been suggested in 

cholesterol metabolism and an enhanced 

breakdown in hyperthyroidism is known to 

result in hypochoelesterolemia [26]. 

In the present investigation, Moringa treated 

groups showed decreasing trend in value of 

cholesterol up to day-7 then increased on 

day-14 which continued up to day-28. 

Moringa  is a major antioxidant which affect 

cholesterol metabolism through its 

antioxidant effect  [27]. 

The animals treated with both radiation and 

mercuric chloride also exhibited a decrease 

in the level of cholesterol in liver. While 

Moringa minimize the level of variation of 

cholesterol in liver showing its protective 

effect. 

Acid and Alkaline phosphatase activity 

Radiation exposure resulted in elevation of 

liver phosphatase activity which may be 

attributable to the tissue impairment and per- 

oxidation of membrane lipids leading to 

activation of suppressed acid hydrolyases 

[28, 29]. An increase in acid  phosphatases 

activity after radiation exposure in the 

present experiment could be ascribed either 

to a direct effect of radiation which results in 

enhanced Golgi activity [30] and  per- 

oxidation of lysosomal membranes by 

mercuric chloride causing lysis of cellular 

membranes of hepatocytes, which in turn 

leads to an increase in the permeability of 

cell membranes and facilitates the passage of 

cytoplasmic enzymes outside the cells 

leading to the increase in both enzyme 

activity in liver [31-33]. 

The Moringa caused an early recovery to 

normalcy in both the enzyme level, which 

was evident as statistically lowered values in 

these groups in comparison to control. Active 

principles of Moringa  in terms of 

augmentation of oxidative free radical 

scavenging enzymes, concomitant with 

reduction in radiation induced lipid 

peroxidation. It is quite possible that the 

Moringa retards the formation of the toxic 

lipid peroxidase responsible for radiation 

damage. 

DNA 

The depletion in the DNA content of 

a tissue in vivo is due to reduction in or 

absence of the essential factors controlling 

the DNA synthesis [34]. These factors are the 

substrates (Four deoxyribonucleoside 

triphosphates); enzymes (Polymerase), 

template activity of deoxyribonucleo proteins 

activators (Mg++ and other divalent ions). 

The enzymic incorporation of 

deoxyribonucleotides into DNA by the 

mammalian testis has been studied. The 

principal type of enzyme involved seems to 
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be a replicative DNA nucleotidyl transferase, 

which catalyzes the incorporation in DNA of 

deoxribonucleotides. There was a general 

agreement that interference with DNA was 

one of the important biological effects of 

irradiation [35]. Similar results were also 

observed with Moringa [36]. 

RNA 

The results of the effects of ionizing 

radiation in vivo synthesis of nucleic acids in 

a mammalian radiosensitive tissue depends to 

a great extent on two important factors [37]: 

(i) more or less rapid cytolysis of  

large proportion of cells, and 

(ii) changes in population of cells 

after irradiation. 

 RNA metabolism may be influenced 

by a number of factors. Reasons for the 

increase in RNA due to irradiation could be 

due to an increase in the RNA concentration 

of the surviving cells after radiation insult. 

Causes of this increase in the cellular RNA 

may be:- 

1. Ability of DNA to transcribe RNA is not 

affected quantitatively but the length of 

the chain of RNA molecules reduces [38].  

2. Increase in the nuclear RNA polymerase 

activity may contribute to the post-

irradiation increase in the cellular RNA 

[39]. 

3. Increased gonadotropin secretion after 

irradiation may accelerate the RNA 

synthesis after higher doses of irradiation 

[40]. 

Protective mechanisms of Moringa oleifera 

In the present study, inhibition of LPO in 

biomembranes has been caused by 

antioxidants present in Moringa oleifera. It 

was also observed that, radiation caused 

depletion in GSH levels in entire test period. 

Under normal conditions, the inherent 

defense system like glutathione protects 

against oxidative damage. GSH is a versatile 

protector and executes its radio protective 

function through free radical scavenging, 

restoration of the damaged molecules by 

hydrogen donation or by reduction of 

peroxides and maintenance of thiols in the 

reduced state. The decrement of GSH could 

be due to an enhanced utilization of the 

antioxidant system during detoxification of 

the free radicals generated by radiation. This 

depletion of glutathione further enhanced the 

lipid peroxidation [41]. 
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