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Abstract—Uptake of orally administered DDT? by rat liver cells has displayed the fol-
lowing characteristics:

1. The pesticide was not exclusively segregated from any one cell fraction.

2. Pesticide was depleted with time from all fractions.

3. A redistribution of pesticide occurred with time. A passive DDT distribution
either occurs at some point in time or at low levels of exposure.

4. Non-lipid binding of pesticide appeared to occur.

5. Liver cells appeared tc be detoxifying DDT to DDE and DDD by 16 hr post
treatment.

Tre ABiLITY of DDT to influence specific metabolic processes of cellular constituents has been of
interest to investigators for some time. Rat liver has been the most universal material studied.

DDT has been shown to interfere with oxidative metabolism in rat liver mitochondria.! The soluble
cell fraction contains enzymes which are inhibited by DDT.2 The important role played by rat liver
microsomes in the detoxification of DDT? and also the stimulation of microsomal drug-metabolizing
enzymes by DDT have been demonstrated. .

Since DDT is capable of interactions of a very diverse nature depending upon its cellular location,
it is important to characterize the uptake of orally administered DDT and subsequent intracellular
involvement. This work involved analysis of the various subcellular components of rat liver cells
from dosed and control rats for DDT and its analogs. Blood samples and studies in vitro were in-
cluded to aid in the characterization.

EXPERIMENTAL
University of Arizona strain female rats of Sprague-Dawley origin, weighing 200-300 g and main-
tained on a Wayne Lab Blox diet, were used as experimental animals. The rats were dosed via a
stomach tube with 10 mg of 99-:3% p,p’-DDT in 1 ml peanut oil. The dosed rats and control rats

* Arizona Agricultural Experiment Station, Technical Paper No. 1219.

t Abbreviations: DDT, 1,1,1-trichloro-2,2-bis(p-chlorophenylethane; DDE, 1,1-dichloro-2,2-
bis(p-chlorophenyl)ethylene; DDD, 1,1-dichloro-2,2-bis(p-chlorophenyl)ethane.
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were then fasted for 16 hr. After sacrificing and decapitation, blood was collected (ca. 2 ml) and the
livers were rapidly excised and washed in ice-cold 0-25 M sucrose.

Components were separated by a modification of the method of Schneider and Hogeboom.5 The
microsomal, mitochondrial, and nuclear fractions were resuspended in 50 % saturated sodium sulfate.
These suspensions along with the serum and soluble fractions were placed in separatory funnels and
extracted additively with 25 ml ethanol, 50 ml diethy! ether, and 25 ml pentane, followed by several
water washes., The organic phase was then filtered through sodium sulfate into a 250-ml beaker,
evaporated to ca. 2 ml volume, and diluted to 5 ml with pentane. A 2-5 ml aliquot was removed for a
total lipid determination by evaporation to dryness in tared 150-ml beakers. The remaining 2-5-m!
sample was subjected to a florisil column cleanup, as employed by Witt ez al.6 The purified samples
were subsequently analyzed for DDT, DDE, and DDD by electron-capture gas chromatography by
the method Witt ez al.” Recovery standards for the three compounds ranged from 75-82 per cent.

A distribution in vifro of DDT was obtained by adding 1-50 mg DDT in 5 ul of ethanol to the
sucrose medium prior to homogenization. This was considered to be sufficient mixing and therefore
was followed by only a short incubation period.

RESULTS

The average uptake and distribution of DDT, DDD, and DDE by 2-g samples of rat liver from
2-4 animals are shown in Table 1. Sixteen hr after oral administration of 10 mg DDT, the total uptake

TABLE 1. THE DISTRIBUTION OF DDT, DDD AND DDE AMONG THE CELLULAR FRACTIONS OF RAT LIVER
AND TOTAL PESTICIDE PER FRACTION ON A LIPID BASIS

DDT and its
DDT DDD DDE Per cent of the total analogs
(ng/ (n8/ (u8/ analogs per fraction =~ —o-———r
Fraction frac- frac- frac- {ug/ (pgf
tion)  tion) tion) DDT DDD DDE frac- mgfat)
tion)
16 hr post, in vivo
Microsome 1-00 037 0-07 69-4 257 4.9 1-44 016
Mitochondria 1-53 0-76 010 640 318 42 2-39 018
Crude nuclear 095 0-38 0:05 69-1 28-1 37 1-38 0-22
Soluble 1-68 073 011 67-0 28-8 4-2 2:47 0-41
Total 516 223 033 7-68 0-97
Blood 042 010 0-05 737 175 88 055
1st week post, in vive
Microsome 081 0-36 015 61-2 27-6 11:3 1-32 0-13
Mitochondria 0-66 0-34 0-10 59-9 310 9.1 1-09 0-11
Crude nuclear 0-20 0-10 0-03 61-0 290 10-:0 0-33 0-08
Soluble 0-18 011 005 54-0 30-8 152 034 016
Total 1-85 0-91 033 306 048
Blood 0-08 0-01 003 66-7 83 250 0-12
Control
Microsome 1 003 0-02 719 18-3 98 015 001
Mitochondria 012 0-02 0-01 80-1 13-2 66 015 0-01
Crude nuclear a-19 a-02 0-01 856 99 4-5 0-22 0-04
Soiuble 0-06 0-02 0-01 70-1 20:7 92 0-09 0-02
Total 0-48 0-09 0-05 0-61 0-08
Blood 01 0-01 0:01 333 333 333 0-02
In vitre
Microsome 024 0-03
Mitochondria 029 0-03
Crude nuclear 0-30 0-06
Soluble 017 015
Total 1-00




Short communications 173

in vivo was 5-16 pg DDT, 2-23 pg DDD, and 0-33 ug DDE. Approximately 60 per cent of the DDT
is divided between the soluble and mitochondrial fractions on a roughly equal basis, the remaining
40 per cent being split between the nuclear and microsomal fractions. The distribution of DDD and
DDE is of the same order of magnitude.

It can be seen from the portion of Table 1 labeled “Per cent of the total analogs per fraction” that
25-32 per cent of the pesticide found in the various fractions was DDD. In all fractions, DDT was
the most predominant material found.

Liver samples from rats sacrificed 1 week post treatment (Table 1) showed decreases in total DDT,
DDD, and DDE contents. The soluble fraction displayed the most marked depletion of DDT; by
comparison, the microsomal fraction decreased only slightly. The shift in distribution from the soluble
fraction to the microsomal fraction accompanying this depletion is not attended by a variation in the
overall distribution of the nuclear and mitochondrial fractions. There was a noticeable increase in the
per cent of the total analogs represented by DDE, with a slight increase in DDD.

The livers of control rats contained predominantly DDT with only small amounts of DDD and
DDE. A salient feature of the control study is the low level of DDD. It is noteworthy that the nuclear
fraction contained almost 40 per cent of the DDT present in the control samples but maintained
about the same concentration as the first week post-treatment samples (0-19 and 0-20 g, respectively).

Table 1 contains the correlation between the lipid determination and the pesticide content. The
lipid extracted probably contains some lipoprotein. I vitro, the nuclear fraction displayed the greatest
concentration of DDT on a lipid basis (Table 1). The soluble fraction had a higher value than the
approximately equal values of the mitochondrial and microsomal fractions. This relationship is
similar to the total analog values obtained for the control livers. In the 16-hr post-treatment and
1-week post-treatment studies in vivo, however, the soluble fraction had the highest concentration
of analogs per mg of lipid.

DISCUSSION

The detection of DDD and DDE in rat liver is consistent with that reported in the literature, as is
the finding of DDD as the principal DDT metabolite.® The data show that there is apparently no
complete segregation of pesticide from any one fraction. Some sort of shift or redistribution of
pesticide with time seems to be taking place, but it is not necessarily uniform. The pesticide content
and redistribution seem to be a function of the particular point in time.

A seemingly tenable interpretation of the study in vitro would be that this distribution is an expres~
sion of the relative DDT binding affinities of the various components of the intracellular milieu. The
assumption is made that very little, if any, of the pesticide exists in a free, unbound state. This follows
from the fact that DDT has an extremely low solubility in water of 1 ppb,? and that any colloidally
dispersed DDT would be preferentially bound by hydrophobic groups of the cellular milieu.

If this study is an indication of binding affinities, then the lack of uniformity in the DDT distribution
on a lipid basis, as seen in the study in vitro (Table 1), leads to the supposition that there is a capa-
bility for non-lipid binding. This is easily seen in the control study, and may account for some of the
lack of uniformity in the studies in vivo, even though the system is flooded with pesticide. This lack of
uniformity may also be an indication either of incomplete extraction of different lipid species or of
the relative accessibility to binding of the lipids in the various fractions.

The “first week post” pesticide distribution was not parallel with the passive distribution in vitro.
However, the control distribution of DDT was very similar to the results in vifro, indicating that a
passive DDT distribution does occur in time or at low levels of dosage. It is of interest to note that the
DDT level in the nuclear fraction was approximately equal in the control and first week post samples.
This indicates that some sort of unusual binding occurred and is further evidence supporting non-
lipid binding.

Morello? demonstrated that rat liver microsomes detoxify DDT, although he was unsure of the
detoxification products. Peterson and Robison!? found that rat liver cells metabolize DDT to DDD,
and to a lesser extent to DDE. In accordance with these findings, the data in Table 1 show that
in the 16 hr post liver cells the primary detoxification product, DDD, represents a greater per cent of
the total analogs than it did in the blood, indicating that the liver cells seem to have detoxified DDT.
Some detoxification of the ingested DDT to DDD (but not to DDE) has probably been shown to
occur in the intestine.’* The presence of DDE in the blood is also indicative of liver cell detoxification,
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as this step is not known to occur elsewhere. Undoubtedly, after 16 hr, a small amount of the DDD
and most of the DDE found in the blood are of liver cell origin.

It is important to note at this point that Peterson and Robisoni® found DDE to be a terminal
metabolite, whereas DDD is further metabolized to more polar analogs. Thus, once formed, DDE
is seen to be efficiently transferred back to the blood for transport to adipose tissue, where it is
found as the principal metabolite,’? or to the kidney for excretion. This accounts for the fact that
DDE represents a greater per cent of the total analogs in the blood than in the various cell fractions
in both studies iz vive. DDT is also metabolized to DDD, and then further metabolized in a seemingly
slow step to undetected polar derivatives, which are then probably excreted. This follows from the
high levels of DDD in the first week post liver fractions and the low levels in the corresponding
blood sample.

It is also noteworthy that the detoxification of DDT is either more efficient or more complete
by the first week post treatment. This is consistent with the work by Morell3 in which DDT was seen
to stimulate the synthesis of microsomal DDT metabolizing enzymes over a 96-hr period. This
efficiency is absent in control samples.
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