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Absract

Investigations were planned to assess the changes in certain biochemical
parameters as affected by the synergistic effect of exposure to fractionated
doses of rays and / or feeding on different protein levels .

The date showed that animals kept on normal or low protein diet exhib-
ited a significant decrease in serum total protein and glucose . Also , a sig-
nificant increase was recorded in insulin level in rats exposed at the radia-
tion dose level of 20 Gy . Exposure to cumulative doses of irradiation has
aggrevated the hyperglycemic effect of high protein diet with a signficant
and marked increase of insulin at all the applied doses . Animals fed normal
, high or low protein diet were found to exert significant decreases in T3,
T4 while a significant increase in TSH of high protein group occurred as a
result of exposure to cumulative doses of y - irradiation .

Rats kept on low protein diet exhibited losses in body weight , hyper-
cholesterolemia , low levels of phospholipids and triglycerides as compared
with the normal protein diet group . In contrast high protein diet group
showed no serious effects.

Irradiation has potentiated body weight losses , hypotriglyceridemia and
hypercholesterolemia in animal group fed low protein diet with a signifi-
cant increase in serum phospholipids due to the higher radiation dose of 20
Gy. Protein deficiency acted synergistically with gamma irradiation and in-
creased the susceptibility of body organs to radiation damage . Such find-
ings contributed to the knowledge which stimulated the decrease of the in-
ternationally recognized occupational dose limits from 50 down to 20 m Sv
(ICRP1991 ) .

Introduction

Various studies have been carried out to assess the nutritional situation
in the world . These studies indicate that malnutrition is at present the dom-
inant feature in many parts of the world . A recent assessment of the present
situation indicates that 20% of world population have an excessive food in-
take , 5 % have a satisfactory diet , 15% are in an intermediate position ,
20% have a chinese-type diet, 30% are undernourished and 10% are affect-
ed by famine .

When discussing world supply and demand for proteins , there is usually
an underlying and implicit belief that the problems of hunger and malnutri-
tion in the world are due primarily to protein deficiencies in the diet.



It is difficult to separate the nutritional from the environmental effects .
The expanding use of nuclear power and ionizing radiations in various
fields of science and engineering put at the fore front the search for ways of
improving the radio-resistance of an organism as a fundamental task of
modern radiology . It is "believed that the effects of radiation exposure on
the body , are dependent on many factors as the dose exposure , duration ,
nutritional status of the living subject at the time of exposure to ionizing ra-
diation . Many investigations showed that altering dietary levels of protein
does' influence the physiological aspects of the animal and its radiosensitivi-
ty ( Roushdy et al ., 1984 ; Ezzat, et al ., 1989 ) . Therefore , the present
study was planned to explore the combined effects of ionizing radiation and
protein intake in the rat in relation to its general metabolism . In order to
simulate the conditions commonly practiced in either occupational or radio-
logical medical exposures encountering intermittent radiation exposure , the
study of the combined effect of protein nutritional status and exposure to
fractionated doses of y-irradiation , as reflected by interaction on some
phgsiological aspects , have been investigated .

The experimental design of the present work have been conducted to de-
termine the influence of fractionated doses of gamma irradiation up th 4, 8,
12,16 and 20 Gy on male adult rats fed three levels of protein; 12 % ( nor-
mal ) , 22% (high ) and 6% (low ) .

The induced changes on some physiological and metabolic aspects
(body weight, total protein , total lipids , cholesterol, triglycerides , phos-
pholipids , glucose , insulin , thyroxine , triiodothyronine and thyroid stim-
ulating hormone ) have been estimated in blood of the experimental rats .

Material and Methods

Experimental Animals:

Male albino rats with an initial weight 180 -200 g were used throughout
the experiment. The animals were housed in plastic cages under standard
condition ( 2 0 - 2 5 C, 60 % relative humidity , 12 hours light - dark cycle).

Dietary Treatment:

Three synthetic diets were arranged and fed to the experimental animals.
These diets were identified according to the concentration of casein . The
composition of each diet is illustrated in table (1).
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Table (1) Composition of food mixtures ( g/ 100 g )
(1) and (2) according to NRC ( 1972 )

Ingredients

Casein

Corn starch

Sucrose

Animal fat

Vitamins (1)

Salt mixtures (2)

Yeast

Cellulose

Normal Protein
Diet

12

50

25

4

4

4

0.2

1

High Protein
Diet

22

40

25

4

4

4

0.2

1

Low Protein
Diet

6

50

31

4

4

4

0.2

1

Animals were provided with their daily requirements and had free ac-
cess to water . The diets were weighed every day and given at a range of
approximately 25 - 30 g / rat.

Irradiation process :

Before whole body irradiation, rats fasted for twelve hours to avoid sueh
interference of other biological factors . Gamma cell 40 (Caesium - 137 )
irradiation unit ( Atomic Energy of Canada Limited ) was used . Dose rate
was 0.87 Gy /min .

Experimental plan

Adaptation feeding period was 10 days ( preliminery period ) then the
animals were continued to receive the same dietary regime for another 3
weeks before exposure to the fractionated doses of gamma rays . The ani-
mals were regularly weighed twice weekly . Rats were divided into the fol-
lowing groups :

Group I : Consisted of 100 rats and were allowed to eat diet containing
12 % protein ( normal protein diet) .

Group II : Consisted of 100 rats which recieved food mixtture containing
22 % protein ( high protein diet) .



Group III: Composed of 100 rats and maintained on diet containing 6 %
protein (low protein diet) .

Half of the animals of the three groups described above and maintained
on the different levels of protein diets were subjected to whole body gam-
ma irradiation ( 1 Gy daily ) . Groups of 8 rats were sacrificed after the ex-
posure of fractionated doses up to 4 , 8 , 12 , 16 and 20 Gy .

Blood was withdrawn from the heart under light ether anaesthesia The
blood samples were centrifuged at 2000 rpm for 15 minutes and sera were
separated and kept frozen till analysis .

Biological Assays

Triglycerides were estimated using an enzymatic method ( Fossati and
principe, 1982 ) . Tatal lipids were determined colorimetrically with the use
of sulpho - phosphovanillin mixture as described by (Knight et al., 1972).
Total serum cholesterol was assayed according to the method of ( Allain et
al ., 1974 ) and phospholipids ( Takayama et al ., 1977 ) . Serum total pro-
tein was determined using Biuret solution according to the method of (
Weichselbaum , 1964 ) . Serum glucose was assayed by colorimetric meth-
od of cooper and Danial (1970) Determinations of triiodothyronine ( T3 ) ,
Thyroxine ( T 4 ) , Insulin and Thyroid Stimulating hormone ( TSH ) were
performed using the radioimmunoassay Kits supplied by ( DPC Diagnostic
products corporation , los Anglos, CA , U. S. A.) •

Statistical analysis

Statistical evaluation of the data was done using student's t - test as de-
scribed by (Snedecor and Cochran , 1980).

Results

General Appearance of the Experimental Animals During Irradiation :

Irradiated animals fed normal or low protein diet were comparatively
slow in activity and loss of appetite was evident, associated with successive
loss in body weight . These symptoms of radiation illness appeared rapidly
with the increase in the frequency of radiation exposure . The animals kept
on low protein diet were characterized by a moderate to marked thinning of
coats , muscles were extremely atrophic and the animals were hardly able
to stand up right and looked sluggish . In case of animals fed on high pro-
tein diet, the general symptoms of radiation exposure were greatly amelio-
rated to a minimum extent and the animals seemed healthy and active .

rr



1- Body Weight:

The data presented in Figure (1) revelaed that exposure to the irradiation
dose level of 4 Gy resulted in non significant changes in the body weight of
animls fed either normal, high or low protein diet . By increasing the fre-
quency of the cumulative dose of radiation exposure , animals fed normal
or low protein diet showed significant decreases in body weight after being
exposed to the cumulative dose levels of 8 , 12 , 16 and 20 Gy . It is note-
worthy to indicate that the cumulatvie radiation doses exerted a slower rate
of loss in body weight of animals kept on high protein diet.
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Figure (1) : Percent Change in Body Weight of Male Rats Fed Different
Levels of Protein and Exposed to Cummulat'.ve Doses of
Gamma Irradiation

Serum Protein

Results reported in Figure (2) showed that irradiated rats fed normal or
low protein diet exhibited significant decrease in serum total protein
amounted to 21 and 34 % respectively at the cumulative dose level of 20
Gy.
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Figure (2) : Percent Change in Serum Total Protein Levels of Male Rats
Fed Different Levels of Protein and Exposed to Cummulative
Doses of Gamma Irradiation

Serum lipids :

As shown in Fig (3), radiation exposure induced significant increases in
serum total lipids of rats kept on high protein diet. The recorded increases
were 28 , 23 , 23 , 27 and 34 % at radiation does of 4 , 8 , 12 , 16 and 20 Gy
respectively . In contrast, rats kept on low protein diet exhibited significant
decreases amounted to 13 , 26 and 30 % at the cumulative doses up to 12 ,
16 and 20 Gy respectively .
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Figure (3) : Percent Change in Serum Total Lipid Levels of Male Rats Fed
Different Levels of Protein and Exposed to Cummulative
Doses of Gamma Irradiation



In case of irradiated animals maintained on normal or high protein diet,
the present results as shown in Fig (4) revealed significant increases ( hy-
pertriglyceridemia ) at radiation dose levels up to 8 , 12 , 16 and 20 Gy . In
contrast, significant decrease of serum triglycerid was observed in the irra-
diated animals kept on low protein diet amounted to 21 % at the radiation
dose level of 20 Gy .
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Figure (4) : Percent Change in Serum Triglycerides Levels of Male Rats
Fed Different Levels of Protein and Exposed to Cummulative
Doses of Gamma Irradiation

Cumulative doses of gamma irradiation could not induce significant
changes in the serum cholesterol of rats fed on normal protein diet while
high protein diet group exhibited significant increases in serum cholesterol
at the cumulative dose level up to 8 , 12 and 16 Gy ( Fig . 5 ) . This in-
crease was normalized at radiation dose level of 20 Gy , It was also clear
that increasing the cumulative dose level caused progressive significant in-
creases in serum choleslerol in the low protein diet group . Increases of 15 ,
18,21 and 29 % were abserved in serum eholesterol at doses up to 8 , 12 ,
16 and 20 Gy .
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Figure (5) : Percent Change in Serum Cholesterol Levels of Male Rats Fed
Different Levels of Protein and Exposed to Cummulative Dos-
es of Gamma Irradiation

Animals fed normal protein diet showed significant decreases in serum
phospholipids due to the exposure to the higher dose levels of 16 and 20 Gy
showing values of 16 and 16 % respectively Fig. (6) . In contrast, low pro-
tein diet group displayed gradual significant increases in serum phospholip-
ids at the fractionated dose levels up to 8 , 12, 16 and 20 Gy . While the re-
corded fluctuation values of serum phospholipids of rats kept on high
protein diet showed the active role of the high protein diet to normalize ser-
um phospholipids changes that might occur as a result of exposure to cumu-
lative doses of radiation.
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Figure (6) : Percent Change in Serum Phospholipids Levels of Male Rats
Fed Different Levels of Protein and Exposed to Cummulative
Doses of Gamma Irradiatio
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Serum Glucose :

As shown in Fig- (7) rats kept on normal protein diet exhibited sustained
hypoglycemia as a function of exposure to gamma irradiation . It was noted
from the date that the more pronounced decreases were at the radiation dose
levels of 4 and 20 Gy . The results also revealed that serum glucose level of
low protein diet group displayed controversial response to high protein diet
group as a result of expoure to cumulative doses of irradiation and protein
nutrition . High protein diet resulted in a pronounced hyperglycemia which
has been paralleled with significant increase in the serum insulin level Fig
(8) . While feeding on low protein diet caused hypoglycemia which has
been paralleled with significant decreases in serum insulin level over all the
experimental period of irradiation .
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Figure (7) : Percent Change in Serum Glucose Levels of Male Rats Fed
Different Levels of Protein and Exposed to Cummulative
Doses of Gamma Irradiation

Serum Hormones :

Results gvien in Fig (8) demonstrated that the changes recorded in the
serum insulin of normal protein diet group closely matched those kept on
low protein diet at all the applied doses of irradiation . On the other hand ,
irradited rats fed on high protein diet suffered from a sustained hyperinsu-
linemia for the same period of investigaton.
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Figure (8) : Percent Change in Serum Insulin Levels of Male Rats Fed Dif-
ferent Levels of Protein and Exposed to Cummulative Doses
of Gamma Irradiation

Exposure of animals kept on normal , high or low protein diets was
found to exert significant decreases in the serum T3 and T4 (Fig. 9 and Fig 10).
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Figure (9) : Percent Change in Serum Triiodothyronine Levels of Male
Rats Fed Different Levels of Protein and Exposed to Cummu-
lative Doses of Gamma Irradiation
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Figure (10) : Percent Change in Serum Thyroxin Levels of Male Rats Fed
Different Levels of Protein and Exposed to Cummulative
Doses of Gamma Irradiation

A non significant changes in serum TSH were observed in case of rats
maintained on normal or low protein diet while high protein diet displayed
significant increases of 15 and 13 % in rats exposed to the radiation dose
level of 12 and 20 Gy respectively (Fig 11) .
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Protein And Exposed To Cummulative Doses Of Gamma
Irradiation
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Figure (11) : Percent Change in Serum Thyroid Stimulating Hofmaone
(TSH ) Levels of Male Rats Fed Different Levels of Protein
and Exposed to Cummulative Doses of Gamma Irradiation

Discussion

The data reported here represent an attempt to characterize the
interaction between protein intake and exposure to ionizing radiation
assessed by some biochemical changes .

The present data demonstrated a sharp fall in the body weight in both
group kept on normal or low protein diet. Hopper et al , ( 1966 ) and Ezzat
et al, ( 1989 ) Suggested that the body protein depletion of animals before
and during the exposure to gamma irradiation negatively affected the
recovery process . Feeding high protein diet during irradiatioon period did
not equally compensate the reducation , however , this reduction was
minimal as compared with the other two groups.

The decrease in serum total protein of irradiated rats kept on low protein
diet could be due to the retardation of anabolic process and the promotion
of the catabolic process as well as enhanced loss through the
gastrointestinal tract or hormonal disturbances ( Baegens et al., 1970 and
Kilberg&Neuhausl978).

Roushdy et al (1984 ) suggested that the changes in serum protein in
irradiated rats might be the result of damage of vital biological processes
or to changes in the permeability of liver and Kidney and other tissue cells
and the accumulation of protein end products in animal tissues is an
indication of protein degradation due to the exposure to ionizing irradiation

Animals put on high protein diet perior to irradiation apparently can
utilize their protein reserve to help in the recovery process from radiation.
damage .

The hyperlipemic state observed in the irradiated animals kept on high
protein diet was associated with an increase in serum triglyceride,
Meanwhile , rats maintained on low protein diet exhibited hypolipemic



state which had been parralleled with a decrease in serum triglyceride as
shown in ( Fig 3,4 ) . These results may reflect the degree of stress imposed
on animals and an indication showing that rats responded differently with
respect to serum lipids with close dependence upon the nutritional status of
the animals specifically dietary protein level before and during exposure to
fractionated doses of irradiation .

The adaptation to a nutritional regime markedly modified lipogenesis in
the liver and adipose tissue of the irradiated rats (Sedlakova et al ., 1981 ) .
Alteration observed in serum triglyceride of rats kept on protein nutrition
was correlated with changes in lipoprotein lipase activity in adipose tissue .

Our results demonstrated synergestic interaction between low protein
diet and exposure to cummulative doses of gamma rays on serum
cholesterol and the better efficiency of high protein diet for the removal of
cholesterol from plasma . These results are in agreement with the findings
of Yeh and Leveille , (1972) ; Feliste et al ., (1982 ) Kolomijtseva (1986)
and Paulikova et al ., ( 1988 ) . They reported that circulating VLDL and
LDL decreased as well as apo E and apo B during protein malnutrition,
this fact may reveal the failure of low protein in removing cholesterol as
well as phospholipids from the blood . Kaznacheeve et al ( 1985 )
demonstrated a decrease in the lipid phosphorus level and an increase in the
cholesterol / phospholipids ratio after radiation dose of 10 Gy .

It has been reported that protein intake could regulate cholesterol
metabolism via lecithin - cholesterol acyltransferase ( LCAT) because this
enzyme exerts major effects on serum lipoprotein concentrations,

Park and Liepa ( 1982 ) reported a negative correlation between dietary
protein modified LCAT activity and serum free cholesterol concentration .

The hyperinsulinaemia observed in high protein diet rats was
accompanied by hyperglycemia which is known to be accelerator for
insulin secretion ( Brelje and Sorenson , 1988 ) . This hyperglycemic
manifestations might be attributed to disturbance occurred in the
homeostatic mechanism by insulin of the body tissues . It was expected that
the rise in insulin level would decrease glucose out put through inhibition
of gluconeogenesis by inhibiting the enzymes which control such a process
. Ahlersova et al ., (1981) speculated that exposure to gamma irradiation
induced the transport of certain aminoacids ( supplied from high protein
diet ) to the liver leading to a stimulation of glyconeogenesis and
glycogenesis in such animals .

The present results also indicated that normal and low protein diet



groups suffered from a significant hypoglycemia after exposure to gamma
radiation which was accompanied by significant decrease in insulin level
followed by significant increase at radiation dose level of 20 Gy . Insulin
deficiency might be due the delayed conversion of proinsulin to the active
hormone at lower radiation doses and the unexpected increase in serum
insulin level at radiation dose of 20 Gy was attributed to the increased
activity of carboxypeptidase enzymes which help in producing insulin .

From the combination of the data in Fig (9) and (10) , a decrease in
thyroid function as estimated by total serum T3 and T4 levels after
radiation exposure of all the tested groups . The continuous reduction in
irradiated rats was apparently from decreased production of hormones .
These results are in agreement with Malty et al (1973 ) ; Gray et al (1980 )
., Mansour et al ., (1984) and El Masry ( 1989).

The observed decrease in T3 and T4 levels in groups of animals
received normal and low protein diet with unchanged TSH level could be
due to progressive decrease in TSH receptors or a decrease in the thyroid
follicular cell response to TSH ( Fisher et al., 1977 and Moroimoto et al .,
1987).

The existence of malnutrition and exposure to ionizing radiation has
necessitated a careful study of this serious problem with special attention to
the state of nutrition . Studies on protein nutrition and its interaction with
radiation tolerance has received particular consideration of scientists
especially those of the developing countries where protein-calorie
malnutrition formulates a critical national problem .

The results obtained have shown that protein deficiency acted
synergistically with - rays and increases the susceptibility of body organs
to radiation damage .The manner in which protein depletion increases the
susceptibility to radiation illness,is still not fully understood .Life
shortening and consequent death following radiation exposure may be due
to decreased resistance to infection as a result of the failure of the immune
system of the body (Mel, nikov et al ., 1994). It is well known that protein
depletion interferes with the immunological responses and this in
combination with the effects of radiation on the epithelial barriers may
account for the increased susceptibility to deleterious hazards . Animals fed
low protein diet could hardly tolerate the drastic effects of irradiation .
Exposure of animals at fractionated dose levels up to 20 Gy led to
unfavorable biochemical conditions without signs of recovery attainment.

The failure of the protein deficient irradiated group to show any
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measurable biochemical recovery is probably due to the high initial damage
and retarded rate of recovery . It is well known that radiation exposure
above the threshold dose limit would suppress the anabolic processes in the
living tissues and enhances the catabolic pathways .

The nutritional status of the animal before irradiation greatly affects
tissue structure and consequently influences recovery from irradiation
injury . Kilberg and Neuhaus ( 1976 ) suggested that the radio-protective
action of some diets could be mediated through a stimulation of the
hematopoietic system . The use of 2 different proteins (casein and egg
albumin ) as a source of NHP ( non-hydrolysed protein ) pointed to the role
played by the physical characteristics of nitrogenous constituents in the
activity of.hematopoietic system . The radio-protective action of casein
may be attributed to its high content of sulfur-amino acids containing -SH
group which decreases the damage induced by gamma irradiation
Phospholipids and proteins which are considered the vital membrane
components are susceptible to radiation damage . Polysaturated fatty acids
are easily oxidized by radiation-induced free radicals , Producing lipid
peroxides which have been shown to be cytotoxic and can alter the
memberanes structure and damage the membrane-bound enzymes and other
molecules . Verma and Rastogi ( 1990 ) demonstrated that protein has a
role in protection against radiation-induced damage in membranes . The
presence of proteins which probably bind with lipids can appreciably
inhibit the formation of radiation -induced lipid peroxides . The protective
capacity of the proteins against ionizing radiation is dependent on the type
of protein . The most effective proteins are avidin and -casein . Protein can
alter the conformation of both acyl chains and cis c=c bonds in liposomes
and these altered states are less sensitive to radiation induced peroxidation
at low molar ratio .Other mechanisms for protection against radiation could
involve radical scavenging or a shielding effect by proteins . During the
protective process , proteins may be damaged by - irradiation .

Although it has been established that dietary restriction extends mean
and maximum longevity in rats ( weindruch et al ., 1986 ) , Yet its mode of
action remains unkown . Koizumi et al . (1987 ) reported that long term
dietary restriction (undernutrition without malnutrition) may selectively
augment a radical scavenging enzyme catalase in the liver and this is
accompanied by a decrease in liver lipid peroxidation . The mechanism
whereby catalase activity increases with dietary restriction needs further
investigation . The present Findings suggest particular measures to be taken
for the protection of radiation workers and patients reported for
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radiodiagnostics or radiotherapeutic treatment , when they suffer protein
caloric malnutrition syndrome . This should be of particular importance to
many of the developing counteries where a measurable percent of the
population is facing problems of dietary protein deficiency .

The International Commission on Radiation Protection ( ICRP ) is
actively undertaking an international integrated policy for intensifying
radiation protection measures to cover radiation workers occupying areas
around the irradiation sources . Up to the early ninties , the annual radiation
dose limits for occupational exposure was 50 m Sv, based mainly on
biological standards . The results of intensive research activities undertaken
in many counteries including Egypt and India ( Roushdy , 1977 and
Roushdy & Ashry , 1979 ) , showed increase rate of injury and slower rate
of recovery under conditions of protein calorie malnutrition . Sine
November 1990 , The ICRP recommended the reduction of the annual
occupational dose limit to 20 msv (ICRP 1991 ) .
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