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Abstract. The effects of greatly reduced food intake were investigated in 
rats which had accumulated three times as much DDT as rats killed with a 
single dose approaching LDs0. DDT and its metabolites mobilized more 
quickly than the fat deposits. The hypertrophy of the liver due to DDT 
decreased during food restriction and demonstrated the existence of a large 
detoxication capacity shown through the high metabolism of the pesticide. 
The disappearance ofp,p '  DDE was most rapid, followed by p,p'  DDD then 
p , p '  DDT; they did not accumulate in the fat reserves. The half-life of the 
pesticide, which is normally three months in the rat, was reduced to five 
days under the experimental conditions. In spite of rapid mobilization, no 
major toxic signs were detected from either nutritional, physiopathological, 
or biochemical examinations. 

DDT (2,2-bis(p-chlorophenyl)-1,1,1-trichloroethane) accumulates in the fat de- 
posits of the organism and is eliminated very slowly. The biological half-life is 
about one month in the dog (Deichman et  al. 1969), two months in the chicken 
(Lillard and Knoles 1973), three months in the monkey (Durham et  al. 1963), 26 
months in man (Davies et  al. 1971) and about two months in the rat (Datta and 
Nelson 1968). Elimination of the pesticide can be accelerated either by mobili- 
zation of the lipid stores of the organism or through induction of the detoxica- 
tion enzyme systems. Studies have been made, for economic and therapeutic 
reasons, to lower the level of DDT in certain animals and in man. Most of the 
investigations were based on either low-calorie diets (Kratzer et  al. 1976), 
starvation (Deichmann et  al. 1972, Fitzhugh and Nelson 1947), variable food 
intake restriction (Donaldson et  at. 1968, Liska and Stadelman 1969) treatment 
with enzyme inducers (Alary et  al. 1971, Davies et  al. 1971, Lambert and 
Brodeur 1976a) or finally a combination of the latter two methods (Lambert and 
Brodeur 1976b). In certain cases, signs of toxicity, some irreversible, were seen 
to appear simultaneously with lipid mobilization. Fitzhugh and Nelson (1947) 
observed nervous disorders during starvation in rats which received 600 ppm 
DDT in their ration. The appearance of toxic signs depends on the dose stocked 
in the tissues, the physiopathological condition of the animal at the end of 
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t r ea tmen t ,  the degree to which  food in take  was res t r ic ted,  and  the de tox ica t ion  
capaci ty  of the o rgan i sm (Dale et  al. 1962, D e i c h m a n n  et  al. 1972). 

This s tudy was u n d e r t a k e n  to ob ta in  a be t te r  def ini t ion of  the toxic r isk due 
to a mass ive  mobi l i za t ion  of  D D T  by  measur ing ,  at the same t ime as the redis- 
t r ibu t ion  and  e l imina t ion  of  the pest ic ide ,  var ious  phys io logica l  and  b iochemi-  
cal pa ramete r s  and  compar ing  them to those  of  an imals  sub jec ted  to the same 
condi t ions  bu t  no t  hav ing  rece ived  the pest ic ide.  

M a t e r i a l s  a n d  M e t h o d s  

Two groups of 16 male OFA strain (Sprague Dawley) rats with an average weight of 164 g were 
housed in individual cages. The first group (control) received for 52 days, 4 ml/kg body weight 
intragastrically administered ground-nut oil every morning. The second group (DDT) received 14.5 
mg/kg body weight p-p' DDT dissolved in the oil (Mitjavila et al. 1981). At the end of this period, 
animals were obtained weighing 308.5 and 306.8 g average, respectively. The DDT group having 
stocked 23 mg of DDT, an equivalent of three times the dose found in animals killed after acute 
treatment of DDT. 

During the mobilization period animals were starved for three days with access to water; 
they were then fed for two weeks with 2.5 g food/day/rat. During this period, four rats of the control 
and treated group were killed at different times (0, 4, 11 and 18 days). These experimental condi- 
tions which index the rapid mobilization of DDT, were chosen after a preliminary experiment 
where smaller number of rats was subjected to several different forms of mobilization by starva- 
tion, basing our work on the report by Lambert and Brodeur (1976b). The animals were killed at the 
different times given above and samples were taken to determine the tissue composition of the 
various organs using a previously described experimental procedure (Mitjavila et al. 1981). Certain 
enzymes in the brain, liver, and blood were assayed and the level ofp,p'  DDT and it metabolites 
p,p' DDD and p,p' DDE were determined. In the study of the mobilization kinetics of DDT and its 
metabolites, the existence of a possible regression, with time, its linearity and the effect of the 
duration of food restriction were analyzed. The kinetics in the carcass, the liver, and the brain were 
compared by the slope comparison test (Schwartz 1963). The results obtained for any toxic effects 
due to mobilization were subjected to a variance analysis test on a second order factorial plane with 
four repetitions. This test showed the effects of DDT itself, the effects due to food restriction alone, 
and any interaction between these two factors, which would show modification of the effect of 
DDT during mobilization. 

Resu l t s  

Table  1 shows the var ia t ions  of the level  of DD T and  its metabol i t es  dur ing  food 
res t r ic t ion.  The  carcass  con ta ined  a lmos t  all of  the D D T  and  its metabol i t es  so 
it can  be cons ide red  rep resen ta t ive  of the whole  animal .  Cons ide r ing  the re- 
spective weights (Table 3), the l iver and the bra in  con ta ined  a low concen t ra t ion  
of  DDT,  DDD,  and  DDE.  H o w e v e r  with respec t  to the level  of  total  DDT,  the 
l iver  con ta ined  the highest  p ropor t ion  of  D D D  whereas  the carcass  and  the 
b ra in  main ly  c o n t a i n e d  DDT.  Ana lys i s  of  these  resul ts  (Table  1) shows the 
e x i s t e n c e  of  f i rs t  o r d e r  e l i m i n a t i o n  p r o c e s s e s  b e t w e e n  the  l eve l  o f  or-  
ganochlor ide  der iva t ives  and  the dura t ion  of  caloric res t r ic t ion.  F o r  all the 
equa t ions  the absence  of a s ignif icant  var ia t ion  f rom the straight l ine was 
stat is t ical ly c h e c k e d - - t h i s  conf i rms the l inear i ty  of  the semi-log t rans form.  The 
cor re la t ion  and  the effect of  food res t r ic t ion  were a lways  very  s ignif icant  (P < 
0.001). 

The decrease  in the level  of  l ipids in the carcass ,  expressed  in grams,  



T o x i c i t y  o f  D D T  in  t he  R a t  I I  

T a b l e  1. C h a n g e s  i n  t h e  l e v e l  o f  D D T  a n d  i t s  m e t a b o l i t e s  in  c a r c a s s ,  l i v e r  a n d  b r a i n  o f  r a t s  

s u b j e c t e d  t o  f o o d  r e s t r i c t i o n  ( v a l u e s  e x p r e s s e d  i n / z g )  

473 

Time (days) Equat ion  parameters  b 

0 4 11 18 a • a '  b • b '  

Carcass 

L iver  

Brain 

2068 910 301 88 -0 .0833 3.317 
DDE 

• 178.0 ~ -+ 38.5 • 29.2 • 41.5 _+ 0.00839 ~ • 0.0692 

3178 1615 670 245 -0.0607 3.482 
DDD 

-+ 156.0 -+ 34.9 - 16.7 - 13.8 +_ 0.00142 a +- 0.0117 

17779 8834 4196 1649 -0 .0556 4.214 
DDT 

• 1173.0 • 819.2 • 341.5 • 142.4 • 0.00266 d • 0.0219 

23025 11359 5168 1983 -0 .0576 4.329 
Total  DDT 

• 1140.0 • 942.1 • 328.6 • 170.2 • 0.00236 d • 0.0195 

15.9 7.25 3.93 1.86 -0 .0492 1.133 
DDE 

• 1.32 - 0.341 - 0.658 • 0.138 • 0.00362 a - 0.0299 

58.1 46.5 28.3 16.81 -0 .0305 1.772 
DDD 

• 4.24 - 4.11 • 3.23 • 2.10 - 0.00293 e • 0.0242 

57.1 19.4 6.32 3.38 -0 .0689 1.644 
DDT 

• 4.31 • 2.55 +- 0.694 • 0.897 • 0.00619 ~ • 0.0511 

131.1 73.2 38.6 22.1 -0 .0423 2.076 
Total  DDT 

-- 8.17 -+ 3.38 • 1.61 -+ 1.87 • 0.00219 d • 0.0181 

0.98 0.55 0.297 0.139 -0 .0454 -0 .044  
DDE 

• 0.111 • 0.056 -+ 0.0219 +- 0.0118 -+ 0.00309 c • 0.0255 

1.84 1.00 0.604 0.337 -0.0394 0.211 
DDD 

-+ 0.149 • 0.130 + 0.0359 • 0.0446 • 0.0036V • 0.0298 

6.92 4.30 2.52 1.35 -0 .0386 0.816 
DDT 

• 0.356 • 0.336 • 0.215 - 0.0146 +- 0.00262 c • 0.0216 

9.75 5.85 3.42 1.83 -0.0393 0.959 
Total  DDT 

• 0.349 • 0.417 • 0.225 - 0.152 • 0.00227 c -• 0.0187 

a Mean • SEM of  4 animals 

b Equat ions:  log y = a(~a')x + b(• 
c,d.e Slope comparison in each organ; mean values  not sharing a common superscript  letter are significantly 

different (P < 0.05) 

during caloric restriction (Table 2) also follows a semi-log pattern: the equa- 
tion is 

log y = -0.0296 (___0.00298) • + 1.598 (___0.0246) 

for the controls and log y = -0.372 (_+0.00444) • + 1.487 (_+0.0366) for the 
DDT-treated group. In spite of the differences of the slopes, their comparison 
shows the absence of any significant difference in the rate of lipid mobilization 
between the control and treated animals. Comparison of the mobilization 
slopes of the different organochloride derivatives of the carcass (Table 1) with 
those of the lipids in the treated animals, is always very significant (P < 0.001) 
the organochloride derivatives being mobilized much more rapidly than the 
lipids. The level of the precursor p,p' DDT was seen to drop the slowest, 
followed byp,p' DDD andp,p' DDE. The variance analysis test, carried out on 
the results in Table 3 shows that the proper effect of food restriction is seen 
through a generalized significant decrease (P < 0.001) in the weight of the 
carcass and the investigated organs except the brain. In fact, the tissue compo- 
sition of the brain (Table 2) did not vary during food restriction. The interpreta- 
tion is the same if the results are expressed per gram of brain. However for the 
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carcass, food restriction caused a very significant decrease (P < 0.001) of all 
tissue constituents with the exception of the level of ash (Table 2). The same is 
true when the results are expressed per gram fresh weight. Food restriction had 
the same effect on the constituents of the liver which all decreased significantly 
(P < 0.001) (Table 2). Yet when the results are expressed per gram fresh weight 
only the concentration of water (P < 0.01) and DNA (P < 0.001) increased 
significantly whereas that of the lipids was seen to drop sharply (P < 0.001). 

During the period of partial starvation, in spite of the withdrawal of DDT 
administration, the effects of the pesticide continued to be seen, mainly through 
a very large decrease of the lipids in the carcass (P < 0.001) (Table 2), which 
partly explains the differences in carcass weight (P < 0.05) (Table 3). No effect 
of DDT was seen on the brain either on the weight or the tissue composition. 
However, in animals which received DDT the weight of the spleen and the liver 
(Table 3) as well as the levels of lipids, protein, ash and water of the latter were 
always greater (P < 0.001) (Table 2) than the controls. The level of DNA in the 
liver was significantly lower in the treated animals (P < 0.001) so the ratio 
protein/DNA, although significantly decreased (P < 0.001) under the effect of 
caloric restriction, was always higher under the effect of DDT. 

Figure 1 shows an increase in the haemocrit value during the 3-day starva- 
tion period in both groups of animals--probably due to haemoconcentration. 
Subsequently, the values returned to normal. A progressive decrease was 
noted in lipemia during food restriction, but in the DDT-treated rats it remained 
slightly higher. The level of plasma proteins increased for both groups of ani- 
mals with a maximum on the 1 lth day of food restriction. 

Variance analysis showed a significant proper effect (P < 0.001) of partial 
starvation on the enzyme activities (Table 4). The activity of the plasmatic 
enzymes and hepatic cholinesterase increased whereas the total ATPase activ- 
ity of the liver was significantly decreased (P < 0.001). In the brain the ATPase 
activity rose slightly and that of cholinesterase fell significantly (P < 0.001). No 
significant interaction was noted between the proper effects of DDT and those 
of caloric restriction. 

Discussion 

The results confirm that DDT, accumulated in the lipids of the organism, can be 
mobilized and eliminated during severe food restriction, The half-life of DDT 
has been evaluated at about two months in the rat (Datta and Nelson 1968). 
Under our experimental conditions and using the equations presented in Table 
1, half-life of total DDT was five days. This confirms the high degree of mobili- 
zation of DDT through food restriction. Dale e t  al.  (1962) reducing the food 
intake by 50% for 10 days, and Deichmann e t  al .  (1972) starving the animals for 
six days observed an increase in the levels of DDT and its metabolites in the 
fatty tissue. With respect to the results of Dale e t  al .  the difference was proba- 
bly due to the method used for adipose tissue sampling. In effect, in order to 
account for the selective resistance to starvation of the various organs (Cahill 
1970, Rumsey e t  al .  1967), we extracted the totality of the lipids, since the 
possibility could not be dismissed that first, part of the DDT mobilized in the 
peripheral tissues would become redistributed in the less easily mobilized fats 
(Lambert and Brodeur 1976b). The difference with the results of Deichmann is 
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~t Haemocrit value Z Lipids mg/ml 

�9 Proteins mg/ml 

-,%. 

4 5  2 

I I t 

Days 
5 10 16 

Fig. 1. Changes in the level of plasmatic lipids, proteins and haemocrit value during food restric- 
tion in control ( ) and DDT treated animals (----) 

probably due to the fact that starvation was much more severe and the period of 
observation much shorter than in our experimental conditions. In the present 
investigation, the rate of mobilization of DDT and its metabolites in the carcass 
was significantly faster than that of the lipids. So DDT can not become con- 
centrated in the total lipids of the organism. The relatively high quantities of 
DDD with respect to DDT in the liver can be explained by the fact that this 
organ is the site of metabolism of DDT to DDD (Alary et  a/. 1971, Lambert and 
Brodeur 1976a, Peterson and Robison 1964, Radomski et  al. 1968). The total 
quantity of DDT mobilized was three times greater than that found in animals 
killed with a dose of 200 mg of DDT (Mitjavila e t a / .  1981). Nevertheless, no 
important physiopathological signs were seen in treated animals when com- 
pared to the controls. 

Although the first symptoms of DDT toxicity are through the nervous 
system (Hayes 1959, Woolley 1976), no significant differences were seen in the 
animals either in the composition of the brain or in the activity of the studied 
enzymes. Yet, ATPase is normally inhibited during DDT poisoning (Akera et  
al. 1971, Matsumura et  al. 1969, Witherspoon and Wells 1975) as is the case for 
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cholinesterase (Narahashi 1971). This is explained by the fact that in the brain, 
where DDT is not metabolized and where the lipids are essentially composed of 
structural phospholipids, which are not mobilized, a progressive decrease is 
seen in the concentration of this pesticide. This organ presents the real dis- 
tribution and excretion kinetics of DDT and its metabolites. 

Insofar as the effects of DDT on the weights of the different organs are 
concerned, Fitzhugh and Nelson (1947) have already shown a slight increase in 
the weight of the spleen under the action of DDT. The difference between 
control and treated animals decreases as the DDT becomes mobilized. The 
weight decrease of the carcass, under the effect of DDT, is mainly due to a 
decrease in the level of lipids in the treated animals, this has been demonstrated 
by Deichmann et  al. (1972) and Radomski et  al. (1968). The difference in the 
level of lipids in the carcass was significant at the end of the period of treatment 
and did not become greater during restriction. So DDT mobilization did not 
accentuate lipid mobilization in the treated animals and, furthermore, compari- 
son of the total lipid mobilization slopes between the controls and the treated 
animals is not significant. Only the weight of the liver was appreciably higher in 
the controls all through partial starvation with a progressive attenuation as the 
DDT was mobilized. In particular, examination of the liver tissue composition 
showed that when the results were expressed as a concentration only, the level 
of lipids in the liver was seen to be slightly higher--this could be a consequence 
of DDT poisoning (Anonymous 1966). However the hypertrophy observed 
during poisoning decreased during the period of caloric restriction at the same 
time as DDT, which is a powerful enzyme inducer in the rat (McLean and 
McLean 1966), was eliminated. The ratio protein/DNA in the controls moved 
from 96 at the start of starvation to 72 at the end of caloric restriction whereas it 
went from 131 to 97 in the treated animals. It would seem, therefore, that the 
physiopathological state of the animals treated with DDT was approximately 
the same as that of the controls at the end of food restriction. The capacity of 
adaptation of the enzyme system in the liver seems to be sufficient to metabo- 
lize DDT as it is mobilized and prevent an increase in the level of blood DDT 
which could induce sign of toxicity, particularly in the central nervous system. 
From these results, it would seem improbable that the levels of DDT residues in 
the human body constitute a real danger in the case of mobilization. The pres- 
ent results do not in fact give any information on the carcinogenic effect of DDT 
which was demonstrated in the monkey (Durham et  al. 1963) but which is very 
debatable in man (Radomski et  al. 1968) and in the rat (Radomski et  al. 1965). 
Similarly, any possible mutagenic effects which can be more or less attributed 
to DDT in the rat (Palmer et  al. 1973) as well as its teratogenic properties (Smith 
et  al. 1970) were not considered. It is, however, interesting to compare the 
levels of DDT in the environment with the doses administered and mobilized in 
this experiment and the physiopathological  condition of the animals. 
Deichmann (1970) has already raised the problem posed by the replacement of 
DDT--which has known and sometimes over-evaluated effects--with pes- 
ticides having toxic properties which are often much less known. 
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