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Abstract

The effect of exposure to a single whole body gamma irradiation dose
at 6.5 Gy and/or either oral administration of 50 or 100 mg kelthane/kg
body weight/day for successively 3 days, or daily feeding with 200 mg
kelthane/ kg body weight for 3, 6, & 12 weeks has been studied on rela-
tive liver & kidney weights, certain serum and liver enzymes creatinine
and inorganic phosphorous clearance, as well as percentage of tubular
phosphorous reabsorbtion in male animals.
The data obtained revealed that exposure to gamma-irradiation alone or
combined with kelthane treatment caused significant increase in the rela-
tive spleen weight besides significant decrease in serum and liver alka-
line phosphstase and serum cholinesterase. Exposure to gamma-
irradiation after orally administration of 100 mg or feeding dietary kel-
thane caused significant decrease in liver glucose-6-phosphatase. Non
significant changes in aspartic and alanine transaminases could be re-
corded due to gamma-irradiation and/or kelthane treatment.
Endogenous clearance of creatinine and phosphorous as well as tubular
phosphorous reabsorption were determined to assess the glomerular fil-
tration and tubular function. The data obtained revealed that exposure
to gamma-irradiation either alone or after treatment with kelthane
caused significant decrease in creatinine and phosphorous clearance
while phosphorous reabsorption was not appreciably affected.
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Introduction :

The Liver is pre-eminently the central organ of metabolism. It is the
key organ in regulating the blood glucose and responds to change in its
concentration. It is also known to be concerned with lipoprotein
synthesis, phospholipids metabolism, as well as metabolism and
excretion of cholesterol and bile pigments. Changes in liver structure
and damage may be caused due to whole body gamma-irradiation,
chemical compounds and dmgs Allver & Alexander (1978) and Allen
et al (1973). In a previous study conducted by the present authors
Abdel-Hamid et al (1995),the effect of exposure to gamma irradiation
and/or kelthane has been studied on serum levels of some metabolites.
These showed significant decrease in serum bilirubin and significant
increase in serum glucose, total lipids and total cholesterol indicating
disturbance in the metabolism of bile pigments, carbohydrate and lipids.
Studies of serum enzymes activities have been of great use in the
diagnosis of liver damage. The toxicological use of serum enzymes as a
measure of organ damage is based on the premise that enzymes released
from the injured cells into the extra cellular fluid, find their way into the
blood stream fluid. In the present study the effect of exposure to a
single dose of gamma-irradiation and/or treatment for short & long
terms with a formulated mitrcide "kelthane" has been studied on serum
and liver alkaline phosphatase, aspartic and alanine aminotransferase:
serum pseudo cholinesterase and liver glucose-6-phosphatase.

Creatinine is excreted in the urine by glomerular filtration and
minute amounts are present in the blood. Uric acid also appears in
glomerular filtration in a concentration approaching that of plasma
urate. The glomerular filtration may either increase or decrease in cases
of injury. Gerber et al (1961) reported that urinary output of creatinine.
creatinine and uric acid may be taken as sensitive parameters indicating
the degree of impaired tissue metabolism due to radiation effect,
Roushdy et al (1984 & 1985) noticed that radiation exposure of albino
rats at 780 or 1170 R resulted in a significant increase in uric acid level
in both plasma and urine, as well as increased creatinine in plasma
paralleled with decreased level in urine. Increases in the levels of
creatinine and uric acid have been also reported after exposure to
irradiation and secondary to renal diseases (Abdel Salam et al 1990).

Many toxic agents are known to influence normal glomerular and
tubular functions (Gieske & Foulkes; 1974).Koschieretal (1980)
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observed direct effect of organo-chlorine pesticide (DDA) on nephron
function of rat. They recorded a decrease in the rates of glomerular
filtration and renal clearance. John and Bearkert et al (1976) suggested
that renal tubular injury is the major early effect of renal function.
Serum inorganic phosphorous increases in renal dysfunction.
Determination of serum uric acid, creatinine, and inorganic phosphorus
in our previous study (Abdel-Hamid et al 1995), indicated that exposure
to gamma irradiation either alone or combined with kelthane, caused
increased serum levels of uric acid, creatinine and inorganic
phosphorous. In the present study, endogenous clearance of creatinine
and inorganic phosphorous and present of tubular phosphorous
reabsorption has been studied in view to assess the effect of radiation
exposure and/or kelthane treatment on glomerular filtration and tubular
reabsorption.

Material and Methods

Male albino rats (Rattus norvegicus) weighing from 100-120 gm
were housed in cages under good ventilation condition and adequate
stable diet during all the experimental period.

Kelthane (1, 1 - bis (chlorophenyl) 2,2,2 -trichloroethanol).

It is an emulsifiable concentrate containing 18.5 actin kelthane
technically produced by Rohm & Haas company, Philadelphia, Pa,
USA.

Treatment with kelthane: animals were either orally administered
daily with 50 or 100 mg kelthane in water/ kg body weight for 3
successive days or being fed daily with 200 gm kelthane / kg body
weight for 3, 6, 9, 12 weeks. Kelthane was mixed with food and fed to
the rats either care to ensure total consumption.

Gamma irradiation exposure: untreated rats or rats treated with
kelthane as previously described, were subjected after 24 h of the
desired last dose to whole body gamma-irradiation at 6.5 Gy single dose
using an AECL cesium-137 gamma-irradiation unit belonging to
NCRRT. The dose rate being 0.812 Gv/ minute.

During 3 days after treatment, all animal groups were kept in
metabolic cages for 24 hours periods whereas urine was collected,
thenthe animals were dissected. Kidneys and livers were removed and
weighed. Blood samples were taken and centrifuged to separate the
serum. Alkaline phosphatase activity was assayed according to Belfield
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et al (1970) ,and aspartic & alanine transeferases according to Reitman
& Frankel (1957) using kits of BioMerieux Comp. Laboratory reagents
and instruments, Marcyl Etoile France. Serum pseudo cholinesteras was
assayed according to the method of Robbins et al 1958 and liver
glucose-6-phosphatase was assayed according to Smanson (1965).
Creatinine and inorganic phosphorus levels in serum & urine samples
have been evaluated according to Bartels et al (1971) & Goldenberg et
al (1966) using Bohringer kit, cat No 124192 & kits from BioMerieux,
France Ref 61599 respectively. Tubular phosphorus reabsorption (TPR)
was calculated as follows:

T D D , Phosphorous Clearance
1 Kr> = 1 —— • X IUU

Creatinine Clearance

Results and Discussion

Relative organ Weights

As presented by Table I, Non-significant changes in liver / body
weight ratio were recorded in animals exposed to gamma irradiation
alone while a significant increase could be recorded when the animals
were exposed to gamma irradiation post treatment with kelthane.
Treatment with only kelthane for 3,6 and 12 weeks, caused significant
increase in relative liverweight. Prolonged feeding on kelthane
contaminated food resulted in an increase in relative liver weight. The
normal liver weight could be partially restored (value 4.13 + 0.28) after
3 weeks of termination of kelthane ingestion. Increased ratio of
liver/body weight in rats and other animal species due to treatment with
organochlorine insecticides was already reported by Kimbrough et al
(1971). Bhatia et al (1973) indicated that increase in liver weight due to
the organochlorine insecticide "Dieldrin " may be attributed to
stimulation of growth or an increase in cell mass since they did not
observe changes in the moisture or the protein content. Mikhail et al
(1980) reported that the liver cells lost their radial arrangement and
showed large globules of fat inside the liver cells indicating increased fat
content as well as tiny minute droplets of fat due to poisoning with
organochlorine pesticides.Hansen(1967) reported that the increase of
the livers weight after radiation exposure can be attributed to
accumulation of glycogen in liver post irradiation. The relative kidney /
body weight ratio was not affected in all animal groups; table I. Barness
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et al (1980) reported no morphological changes in rats's kidney after
exposure to the organochlorine insecticide DDT.

Table I: Effect of whole body gamma irradiation and / or exposure to
kelthane organs / body weight ratio.

Animals Groups

I Control
11 irradiated
III(a) kclthane treated

lV (b) kelthane treated

V (a) kclthane +
irradiation
V(b) kelthane treated+
irradiation

Dose^on exposure
period^of elthane

—
—

50 mg/Kg
100 mg/Kg

3 weeks
6 weeks
12 weeks
50mg/kg
100 mg/kg

3 weeks
6 weeks
12 weeks

% liver/body
weight ratio

3.98 ± 0.14
4.17 ± 0.14
4.78 ± 0.33
4.17 ± 0.12

5.12* ± 0.22
4.37* ± 0.20
7.01 ± 0.62
5.02* ± 0.22

5.63** ± 0.14
5.91* ± 0.38

5.65** ± 0.33
6.28** ± 0.28

% kidney/body
weight ratio

0.41 ± 0.02
0.36 ± 0.03
0.41 ± 0.01
0.37 ± 0.01
0.48 ± 0.03
0.42 ± 0.02
0.41 ± 0.03
0.41 ± 0.02
0.38 ± 0.01
0.43 ± 0.3

0.46 ± 0.03
0.42 ± 0.01

Data presented are mean of 6 animals ± standard error
* Significant differences from control at p< 0.05 & 0.01
** Significant differences from control at p<0.001

Liver Function Tests:

Table (II) illustrates the response of the tested serum enzymes
activities to exposure to gamma-irradiation and / or kelthane treatment.
The alkaline phosphatase showed significant decrease in animals
subjected to gamma-irradiation and / or kelthane. Assay of liver enzyme
(Table III) showed as well significant decline in its level possibly
through inhibition in the activity or reduction in its synthesis. Stepan
(1977) and Abady (1988) found significant reduction in serum and
liver alkaline phosphatases and attributed the remarkable fall to hepatic
degenerative changes and necrosis following radiation. Animals treated
only with kelthane for 3,6 &12 weeks7 showed a slight increase in liver
alkaline phosphatase. Serum & liver showed insignificant changes in
both AST and ALT activity levels due to gamma irradiation and / or
kelthane treatment. El-Naggar et al (1980) reported that the
insignificant increases in serum transaminases as estimated 7-days of
exposure to gamma-irradiation, may attributed to the short period of

657



Table Q: Effect of whole gamma - irradiation and / or keithane on serum alkaline phosphatase, aspartic + afanine transferase and ps choiinesterase in Rat

The Enzyme

SALP
U mole L min
SAST
Umoie/L min
S.ALT
U mole •' L.min
SCHE
Umole L/min

Control

206.89 ± 10.62
100%

63.73 ±5.69
100%

83.91+6.91

5.30 i 0.36
100%

Snadiated

104.25+9.46
50.4%

65.67 + 4.26
103%

99.95+9.55
119.1%

3.3 ±0.44
62.3%

Treated with keithane
Short term

50 mg
217.6 ±14.9

105 %
64.2 ±6.3
100.7%

85.1 ±7.4
101.4%

4.45 + 0.35
84%

100 mg
228.11116

110.2%
64.616.9
101.4%

93.3113.8
111.2%

4.15 ±0.43
78.3 %

Long torn (2)
3weeb

222.3 + 15.6
85.6%

66.3 + 5.8
104%

94.8 + 9.4
113%

4.92 + 0.3
92.8%

6 weeks
177.2115.6

85.6%
74.1+6.6
116.3%

97.7 + 10.1
116.4°-b

4.98 + 0.44
93.2%

12 weeks
212.3 + 14.9

102.3%
67.9+1.4
106.5%

99.9 + 7.4
119.1%

5.03+ 0.32
95%

Treated with kehhane -<- irrdiation
Short term (1)

50 mg
88.7"+ 23.1

42.9%
60.1+3.8

94.3%
91.0 + 12.3

108.4%
2.87* ±0.56

54.2%

100 mg
108.2**+10.6

52.3%
61.3+4.5

96.2%
10O.7+7.6

120%
3.16*+0.62

59.6%

Long term (2)
3 weeks

92.4*'; 11.8
44.6%

67.1+5.2
105.3%

105.9 + 11.8
126%

4.36*10.38
82.3%

6 weeks
90.1** + 10.3

43.5%
65.413.9
102.7%

97.0 + 12.9
115.6%

4.1*+0.2
77.4%

12 weeks
73.7** ±12.8

35.6%
70.8 + 4.6
111.1%

95.5 + 9.6
113.8%

3.69*10.48
69.6%

(1) 50 or 100 mg keithane / k.g. b.w./ day for 3 successive days

(2) 200 mg data presented are mean of 6 animals i standard error and % of control

* Significant differences form control group at p<0.05 & 0.01 and ** at P 0.001
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Table m : in rat

Enzymes

.ALP
Umole/j>;min
AST
Umok/j'min
ALT
Umok/'g/'min
G-6-ph
Umole:g/min

Control

207.46 + 1.172
100%

14.13 i 123
100%

261.97+2.33
100%

9.66+0.41
100%

Irradiated

16.33*' +1.25
59%

15.15 + 1.03
107%

29.47 + 1.68
109.3%

9.02+0.65
93.4%

Treated with kelthane
Short terai(l)

50 mg
29.13 + 1.49

106%
14.36 + 1.01

101.6%
31.11 + 1.29

115.4%
9.68 ±0.57

100.2%

lOOn^
27.55 + 1.92

100.3%
13.6911.1

96.6%
34.29+1.97

127%
9.53+0.56

98.7%

Long term (2)
3 weeks

31.94 + 1.83
116.3%

14.7311.39
104%

28.57+3.43
106%

8.51+0.16
88.1%

6 weeks
31.06+0.72

113%
14.36 ±1.09

101.6%
27.1413.19

100.6%
8.04*10.32

83.2%

12 weeks
32.46 ±1.54

118%
15.03 ±1.03

106.3%
29.05 ±3.45

107.7%
7.35'±0.18

76.1 %

Treated with kelthane - irradiation
Short term (1)

50 ma
10.52" ±1.91

38°/o
13.7710.99

97.4 %
30.32 ±1.24

112.4%
7.61" ±0.41

78.8%

100 mg
6.31"+ 1.39

23 %
15.18 + 1.19

107.4%
34.92 ±1.62

129.5%
7.88 *• +0.42

81.6%

Long term (2)
3 weeks

18.78* 11.24
68 °o

15.62 + 1.17
110.5%

27.62 ±2.77
102.4%

7.29 * +0.19
75.5%

6weeks
19.924*11.21

72%
14.44 ±0.74

102%
29.53 + 3.53

109.5%
7.061 ±0.19

78.9%

12 weeks
19.3* + 1.48

70%
14.66 ± 1.34

103.7%
28.09+2.62

104.2%
7.4* ±0.15

76.6%

(1) 50 or 100 mg kelthane / day / kg b.w. for 3 successive days

(2) 200 mg kelthane / day / kg / b.w. data presented are mean of 6 animals ± standard error and % of control

* Significant differences from control at p < 0.05 & 0.01 and ** at p < 0.001



assaying. As presented by Table (II), a significant decrease in the level
of serum cholinesterase could be estimated due to exposure to gamma-
irradiation either alone or combined with kelthane treatment. Kelthane
treated rats showed nonsignificant decrease in SChE level, this suggests
that the significant decrease of SChE recorded in animals received
double treatment may be correlated to the effect of gamma-irradiation.
This in accordance with Lipshite & Koratiuova (1975) and Skopec
(1987). who found that whole bodygamma-irradiation caused a
reduction in blood cholinesterase activity levels. The decrease observed
may be due to disturbances in the protein synthesizing function of the
hepatic parenchyma (Ljubenov & Andreev 1974).

The hydrolysis of glucose-6-phosphate is known to be a key
reaction in gluconeogenesis and the conversion of liver glycogen to
blood glucose in mammals is catalyzed by the enzyme glucose-6-
phosphatase (G.6.Pase) studies on the effect of gamma-irradiation and /
or kelthane on the liver G.6. Pase undertaken in the coarse of the
present work revealed that exposure to either gamma-irradiation alone
or treating with kelthane for a short term, caused non significant change
in G.6.Pase activity. On the other hand, treatment with kelthane for 3,6
&12 weeks alone or followed by exposure to gamma irradiation, caused
significant decrease (Table III). The decline in the G.6.Pase activity is in
agreement with Bhata et al (1973 ).

A decrease in liver G.6.Pase activity which was time and dose
dependent was reported by many authors Bernard et al (1980) and
Paulikovaet al (1983).

Kidney Function Tests:

It is well known that the kidney is relatively more resistant to
ionizing radiation (Liu and Querman, 1965) while many toxic agent can
influence the normal glomerular and tubular function, (Gieske and
Fonlkes, 1974).

The endogenous creatinine has been evaluated in the present work
in orderto assess the effect of exposure to gamma irradiation and/or
kelthane on kidney function. The result obtained showed significant
decrease due to exposure to gamma-irradiation either alone or
combined with kelthane, as well as treatment with kelthane alone for 12
weeks, (Table IV). It was also found that creatinine clearance after
feeding dietary kelthane for 9-weeks was 0.28 + 0.023 ml/ min and after
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3-weeks of termination of the treatment, was 0.37 + 0.16ml /min.This
indicates that the effect of kelthane on glomerular function could be
restored to almost the normal value 3 weeks of the termination of the
treatment. Significant decreases were recorded in phosphorus clearance
(Table IV) due to exposure to gamma-irradiation either alone or
combined with kelthane: either orally administered at lOOg level or
being daily fed.

Table IV: Effect of Gamma - irradiation and /or kelthane
exposure on creatinine and inorganic phosphorous clearance and %
of tubular phosphorus reabsorption (TPR) in rat

± 0.032

±0.002

± 1.5

0.250 +

0.015

0 03 ±

0.004

87.9+0.9

Treated with kelthane

Short term (1)

50 mg

0.455 ±

0.05

0.045 ±

0.002

89.7+1.4

100 mg

0.39 +

0.031

0.038 ±

0.003

90.0+1.1

Long Term

3 weeks

0.385 ±

0.022

*

0.039 ±

0.001

90.0+0.5

6 weeks

0.35* ±

0.027

*

0.0039 ±

0.001

88.5+1.0

(2)

12 weeks

0.29* ±

0.019

*

0.038 ±

0.002

86.8+1.4

Treated with kelthane + I

Short Term(l)

50 mg

0.25* ±

0.03

* *

0.025 ±

0.001

89.5+1.7

100 mg

0.25 ±

0.03

* *

0.023 ±

0.001

90.0+1.5

3 weeks

0.260* ±

0.025

* *

0.034 ±

0.005

87.0+1.0

Data presented were mean of 6 animals + standard error and % of conlrol
1- 50 mg kelthane / kg b.wt/day for successive 3 days.
2- 100 mg kelthane / kg b.wt/day for successive 3 days.
* Significant difference of control at p < 0.05 & 0.001
** Significant difference of control at p < 0.001 as judged by studenl "t" test.

On the other hand, there were no significant changes in tubular
phosphorus reabsorption in all animal groups. This may be explained in
view that the normal values of tubular phosphorus reabsorption may be
maintained by the decrease in creatinine clearance.

Liu and overman (1965) stated that the kidney seems to be quite
resistant to ionizing radiation since they found non-significant change
in glomerular filtration rate on other kidney function parameters,
Koschier et al .(1980) observeddirect effect of organochlorine (DDH)
on nefron function of rat. This was indicated by a decrease in
glomerular filtrate rate as well as renal clearance and uric flow rate
accompanied by a dramatic reduction in arterial blood pressure. On the
other hand, Barnes et al. (1980) and Klonne & Johnson (1985) reported
non-significant change in renal function of rat treated with
organochlorine (DDT).
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In conclusion, the present findings showed remarkable effects of
gamma irradiation on the tested parameters related to liver function
evaluation. Changes in some of those parameters including SALP and
liver glucose-6-phosphatase, showed to be much aggravated when
radiation exposure was proceeded with pesticide internal contamination.
Tested parameters related to kidney function proved to be relatively
resistant to either gamma irradiation or pesticide ingestion over the
period of the present expire mentation time.

The present findings underlie useful information needed by radio
therapists undertaking planning of radiation treatment of cancer patients
and by radiation protection officers undertaking radiation protection
measures for radiation workers, particularly those mobilized from vival
areas under the potential risk of environmental contamination by
pesticides applied in the agricultural fields or prepared in agricultural or
industrial premises.
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