


Table I.

Effect of Sex and Dietary Methionine on Concentration of DDT and Its Metabolites in Rat

Liver —Summary of Statistical Analysis

F Values and Level of Significance

Error Mean Square

Component (23 degrees

Analyzed Sex Methionine Sex X methionine of freedom)
DDT 15.8 (p < 0.0035) 9.23 (p < 0.005) 4.90(p < 0.01) 20.3
DDE 6.13(p < 0.025) 6.33 (p < 0.005) 3.00 n.s. 3.92
DDD 1.03 ns.@ 2.32ns. 2.38 n.s. 10.7

a Not significant,

Tabie II. Influence of Experimental Variables on
DDE/DDT Ratio
Methionine Level, g/kilo
Sex 0 0.5 1.0 4.0
Male 0.424 0.408 0.459 0.412
Female 0.395 0.374 0.365 0.365

However, the values observed in this group were particularly
variable and, hence, this difference was not statistically signif-
icant.

Although the increasing level of methionine supplement
improves growth rate (Tinsley, 1969), the data reported in
this paper cannot be explained on the basis of associated
changes in liver size since similar relationships are obtained
when the data are expressed as micrograms liver/100 g body
weight. The methionine variable did not result in a statis-
tically significant change in food intakes (Tinsley, 1969) al-
though there was a tendency toward lower intake with ani-
mals raised on the unsupplemented ration. The dietary
variable did not produce any significant change in the amount
of fat in the liver, another factor which could influence the
amount of DDT stored in the tissue.

It is of interest to note that the level of methionine supple-
ment does not influence the DDE/DDT ratio (Table II).
Statistical analysis, however, does indicate a highly significant
litter effect. This is illustrated in Figure 2 by plotting for
each individual in a litter mate group its deviation from the
appropriate treatment mean. Each litter shows a most con-
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Figure 2. Litter mate effect on DDE/DDT ratios in male rats
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sistent response. This observation is consistent with that of
Rothe et al. (1957) and could result from variations in the
level of the enzymes involved. Such changes could be due
to genetic differences or possibly variations in the pre-ex-
perimental environment. In any case the expedient of using
litter mate comparisons to reduce experimental error is clearly
illustrated.

Thus, an increase in the level of dietary methionine in-
creases the total concentration of chlorinated compounds in
liver tissue of rats fed DDT. A change in the relative propor-
tions of the chlorinated compounds is observed also.

DISCUSSION

With the development of appropriate gas chromatographic
procedures, DDD has been identified along with DDE as a
major metabolite of DDT. Klein er al. (1964) fed adult rats
rations containing 50 ppm of p,p’-DDT and observed a
DDT:DDD:DDE ratio in liver tissue of 1.00:1.41:0.18.
In our study, considering data from both male and female
rats, these three components were present in the ratio of
1.00:1.11:0.38 in rats receiving the highest level of methionine
supplement. The proportion of DDD increased as the level
of dietary methionine decreased. DDD is not accumulated
in fat to the same extent as DDT and DDE (Klein et a/., 1964).
Intestinal flora have been implicated in the conversion of DDT
to DDD (Mendel and Walton, 1966); however, it would not
appear to be the only site involved since DDD has also been
detected in the livers of rats when DDT was administered
intramuscularly or interperitoneally (McCully et al., 1968).

DDT is absorbed slowly from the small intestine with the
larger proportion of the absorbed material being transported
through the lymphatic system (Rothe er al., 1957). For a
given rat, a constant proportion of the absorbed DDT is
converted to DDE in the intestine with a constant ratio of
these two components being observed in the chyle. No ob-
servations have been made of the level of DDD in chyle.

Liver preparations from birds and rats can convert ap-
preciable proportions of added DDT to DDD under anerobic
conditions and it has been suggested that the transformation
is nonenzymatic (Bunyan et al., 1966). The same prepara-
tions convert DDT to DDE at a much slower rate with the
reaction being stimulated by glutathione. Peterson and
Robison (1964) have fed various metabolites of DDT to rats
and tissues were analyzed for the presence of metabolites.
DDD was converted to DDMU [ethylene 1-chloro-2,2-bis-
(p-chlorophenyl)] which was subsequently transformed to
DDA [acetic acid, bis(p-chlorophenyl)] in which form it is
excreted in the bile (Burns et al., 1957). The sequence of reac-
tions proposed by Peterson and Robison for the transforma-
tion of DDT to DDA has recently been confirmed by Abou-
Donia and Menzel (1968) in similar studies with the chicken.
DDE is not involved in this process and little is known about
its metabolic breakdown and excretion.

One must conclude that the system responsible for the



formation of DDD in liver tissue is saturated under the condi-
tions of these experiments. The concentration of this metabo-
lite in the liver remains constant despite an increase in the
concentration of its precursor, DDT. Either the enzyme
system or some reactant must be limiting, depending on
whether the process is enzymatic or nonenzymatic. This
constant concentration of DDD must reflect a balance be-
tween the rates with which it is formed and broken down,
neither of which is influenced by the dietary variable. Since
the metabolites of DDD are detected in only small amounts
(Abou-Donia and Menzel, 1968), the breakdown of this
compound appears to be very slow compared with the rate at
which its metabolites are metabolized and subsequently ex-
creted.

The experiments of Rothe er al. (1957) suggest that in the
intestine the transformation of DDT to DDE is quite rapid
and this could be the preferred site for this reaction in view
of the fact that it occurs to only a limited extent in liver
(Bunyan et al., 1966). The constant DDE/DDT ratio ob-
served in the liver would then merely reflect that condition
existing in the chyle.

The most significant observation of this experiment is the
buildup of DDT in liver tissue with increasing levels of dietary
methionine. This response might well be associated with an
effect of methionine on lipid transport. Possibly, limiting
the availability of methionine restricts the formation of
chylomicrons and thus reduces the rate of lipid ransport
(Hyams er al., 1966; Sabesin and Isselbacher, 1965). Since
DDT is probably associated with chylomicrons in the chyle,
the transport of this compound would be likewise affected.
With an increase in dietary methionine, fat transport would
be increased and as a consequence more DDT would be ab-
sorbed and carried to the liver. Since the DDT to DDD sys-

tem is saturated under the conditions of these experiments, it
is the DDT which accumulates. The proportionate increase
in DDE in liver tissue could also develop from such a mecha-
nism.

These experiments would indicate that feeding proteins low
in methionine would not accentuate the chronic response to
DDT. Low levels of methionine result in lower levels of
DDT and its metabolites accumulating in the tissues.
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