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ABSTRACT

Adult female rats were dosed via a stomach tube with 
10 mg of 99.3% p,p 1-DDT in 1 ml. of peanut oil. The livers 
were removed from one group of rats 16 hours post treatment 
and another group 7 days post treatment. These livers, 
along with livers from undosed control rats, were separated 
via ultracentrifugation into crude nuclear, mitochondrial, 
microsomal and soluble fractions. These resultant subcellu- 
lar fractions were analyzed for DDT, DDD and DDE by means of 
electron-capture gas-liquid chromatography. An in vitro 
experiment was included by preparing a homogenate of undosed 
rat liver with the inclusion of 1.50 mg DDT. These samples 
were then treated as in the in vivo studies.

The following characteristics were observed for DDT 
uptake by liver cells:

fl) The pesticide was not exclusively segregated 
in any one cell fraction.

(2) Pesticide was depleted with time from all frac
tions .

(3) A redistribution of pesticide with time 
occurred with the eventual attainment of the 
passive DDT distribution noted in the in vitro 
study.
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vii
(4) Non-lipid binding of pesticide appeared to be 

prevalent.
(5) The cellular uptake and subsequent intracellu

lar diffusion was seen to involve a mediated 
carrier mechanism.

(6) Liver cells were actively detoxifying DDT, 
primarily to DDD and possibly to DDE.



INTRODUCTION

The ability of DDT /2,2-bis(p-chlorophenyl)-1,1,1- 
trichloroethane^/ to influence specific metabolic processes 
of cellular constituents has been of interest to investiga
tors for some time. While this research has been carried on 
in many different systems, rat liver has been the most 
universal material studied.

Among other things, DDT has been shown to interfere 
with oxidative metabolism in rat liver mitochondria. The 
soluble cell fraction contains enzymes which are'inhibited 
by DDT. The important role played by rat liver microsomes 
in the detoxification of DDT and also the stimulation of 
microsomal drug-metabolizing enzymes by DDT has been demon
strated.

In view of the effects displayed by DDT at various 
cell sites, it is very important to understand the charac
teristics of the uptake of orally administered DDT by rat 
liver cells. Unfortunately, no known work of this type has 
been carried out.

The purpose of this work therefore was to character
ize the uptake of DDT by rat liver cells and its partition 
among the intracellular organelles.

1



REVIEW OF LITERATURE

A. . Specific Interactions of DDT
Experiments reported by Riker et ad. (1946) showed 

increased oxygen consumption in liver slices from rats 
administered subacute doses of DDT and a decreased oxygen 
uptake in liver slices from animals in advanced stages of 
DDT poisoning. Laug and Fitzhugh (1946) also observed 
decreased oxygen consumption in liver slices from rats in 
chronic DDT poisoning. This led researchers to the point of 
view that DDT might cause certain metabolic dearrangements.

Judah (1949) made an extensive study on the mode of 
action of DDT. Using white rats and rabbits, he showed that 
DDT intoxication caused: (a) an initial rise in blood sugar
followed by a decrease below normal concentration, (b) a 
rise in blood lactate levels, (c) a depletion of liver gly
cogen and (d) an abrupt increase in total urinary nitrogen. 
He also reported DDT to be without effect on a variety of 
enzyme systems, such as aldolase, ATPase, glutamic dehydro
genase, choline oxidase, hexokinase, succinoxidase and 
others.

Sacktor (1949) postulated that DDT partially blocked 
a vital metabolic pathway. He found that the cytochrome oxi 
dase level of normal house flies exposed to DDT was reduced 
by 1/2 in 2 hours but returned to normal in 5 hours.

2



3
Subsequent work by Sacktor (1950) showed that DDT-resistant 
strains of house flies had 50% more cytochrome oxidase than 
susceptible flies.

DDT and DDE / 2 ., 2-bis (p-chorophenyl) -1,1-dichloro-
ethylene/ were found to inhibit rat heart succinoxidase 

—4system at 10 M (molarity) by Johnston (1951). From his 
work he concluded that the inhibition was due to an effect 
on cytochrome oxidase. He further showed that the oil 
vehicle used by Judah prevented this inhibition.

Morrison and Brown (1954) found that DDT and other 
insecticides show in vitro effects on the cytochrome oxidase 
of the American cockroach. • Out of 26 insecticides tested,
22 (including DDT) were inhibitory at a concentration of

-3 -510 M and only 4 (not DDT) were inhibitory at 10 M.
-3Ludwig, Barsa and Cali (1955) demonstrated that 10 M DDT 

inhibited cytochrome oxidase of mealworms and cockroach 
muscle.

Lethal doses of DDT did not affect the in vivo 
cytochrome oxidase activity of Periplaneta americana coxal 
muscle (Brown and Brown 1956). The authors concluded that 
DDT does not affect cytochrome oxidase activity in vivo and 
that in vitro inhibitions are due to non-specific adsorption 
of hydrophobic colloids of DDT on the enzyme surface.

Sacklin, Terriere and Remmert (1955) found that 5 x 
10 ~*M DDT completely inhibited in vitro respiration in house 
flies with pyruvate as the substrate. No cytochrome
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oxidase inhibition was noted at 10 of DDT. Phosphorus 
uptake was also inhibited by 5 x 10 DDT.

Anderson, March and Metcalf (1954) examined prepara
tions of succinic dehydrogenase, succinoxidase, and cyto
chrome oxidase from susceptible and resistant house flies. 
They found no pronounced differences in sensitivity to DDT 
by the above preparations between resistant and susceptible 
strains. However, DDT strongly inhibited succinoxidase.
DDE was also inhibitory to this enzyme.

Pant and Dahm (1957) reported the in vivo inhibition 
of succinic dehydrogenase by DDT in the house fly. Cyto
chrome oxidase was not affected. DDT was shown to inhibit 
mitochondrial isocitric dehydrogenase but not isocitric 
dehydrogenase from the soluble fraction of Aedes aegypti 
(Murphy and Micks 1961). This inhibition of isocitric 
dehydrogenase and succinic dehydrogenase could account for 
the inhibition of the TCA (tricarboxylic acid cycle) noted 
earlier by Sacklin, Terriere and Remmert (1955).

Hartley and Brown (1955) and others have clearly 
demonstrated that house fly and cockroach cholinesterase is 
not inhibited by DDT. In contrast to earlier observations 
of Torda and Wolf (1948) with mammalian carbonic anhydras-e, 
high concentrations of DDT failed to give detectable inhibi
tion of cockroach anhydrase (Anderson and March, 1956).

Wildbrett et al. (1963) found that DDT inactivated
horseradish peroxidase but not milk peroxidase. The
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difference was thought to be due to the adsorption of DDT by 
the fat in the milk.

Cline and Pearce (1963) examined the effect of DDT 
on labeled biochemicals in the house fly. DDT stimulated 
incorporation of C^^-formate or 2-C^-glycine into the 
purines while it depressed the level of radioproline. DDE 
had no effect.

Corrigan and Kearns (1963) viewed amino acids in the
haemolymph of cockroaches poisoned with DDT. Proline was

14depleted in paralyzed insects. C -L-Proline injections 
showed three times as much oxidation of proline carbon in 
insects with symptoms over controls. An increase in C^^- 
glutamine was observed in the blood and central nerve cord 
of poisoned insects. Loss of symptoms resulted in restora
tion of the proline level. The authors concluded that a 
shift to the carbon pool from aerobic glycolysis had taken 
place. This is indeed a possibility as McAllan and Brown 
(1960) noted that DDT has no effect in vivo on transaminases 
and Judah (1949) found increased urinary nitrogen following 
DDT injections.

The data of Corrigan and Kearn (1963) pointed out 
that the oxidative cycle from alpha-ketoglutarate on is 
functioning. This reflects a block involving the main 
supply chain of respirable substrate above the level of 
alpha-ketoglutarate.
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This hypothesis is supported by the work of Agosin, 

Scaramelli and Neghme. (1961) which presents evidence for the 
inhibition of certain glycolytic enzymes in DDT-poisoned 
Triatoma infestans. The authors found that DDT inhibited in 
vivo the glycolytic pyruvate production by male and nymph 
Triatoma infestans after 22 hours of exposure to the insect
icide . Pyruvate production after 48 hours was almost normal, 
with some degree of inhibition of alpha-glycerophosphate.
DDE had no significant effect. Hexokinase, glucose-6- 
phosphate dehydrogenase, 6-phosphogluconic dehydrogenase, 
aldolase, glyceraldehyde-3-phosphate dehydrogenase, phospho- 
pyruvate kinase, and ribolytic activity were inhibited by 
DDT in vivo in males after 48 hours exposure. Phosphopen- 
tose isomerase was not inhibited. Only glucose-6-phosphate 
dehydrogenase and aldolase were inhibited in nymphs. Since 
pyruvate production returned to normal after 48 hours, the 
authors concluded that glycolysis is probably not the 
primary site of DDT action. Using antisera the authors 
showed that male and nymph glyceraldehyde phosphate 
dehydrogenases are not identical. This might explain the 
different effect of DDT on male and nymph glycolysis.

Further work by Ago sin et al_. (1963) with Triatoma 
infestan nymphs showed that DDT caused increased incorpora
tion of glucose into glycogen, fat and COg. Their data 
indicated that there was a preferential glucose oxidation via
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the pentose phosphate pathway. Ilevicky, Dinamarca and 
Agosin (1964) noticed increased NAD-kinase activity in the 
treated nymphs. Consistent with this work was the finding 
that DDT increased the in vivo protein synthesis in nymphs 
while a slight inhibitory effect was noted in males (Agosin, 
Aravena and Neghme 1965).

DDT, In vivo and In vitro, inhibited glucose-6- 
phosphate dehydrogenase of the soluble cell fraction of 
rat liver (Tinsley 1964). Tinsley (1965) showed that a diet 
containing as little as 5 PPM was sufficient to induce a 
reduction in the activity of rat liver glucose-6-phosphate 
dehydrogenase. The activity of 6-phosphogluconate dehydro
genase was not affected by the DDT levels fed. The author 
postulated that DDT influenced microsomal function, resulting 
in either a decreased synthesis of this enzyme or production 
of an altered enzyme.

Wong and Tinsley (1964) found a redistribution of 
the soluble protein fraction of rat liver following inges
tion of 200 PPM of DDT. Work by Morello (1965) showed that 
DDT ingestion resulted in a substantial increase in micro- . 
somal protein content of rat liver. The author also noticed 
that administration of DDT to rats in vivo increased the in 
vitro microsomal detoxification of DDT-C^. This work was 
an outgrowth of the findings of Hart and Fouts (1963). They 
demonstrated that DDT increased the liver microsomal activity
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of enzymes responsible for the metabolism of certain drugs. 
The increased microsomal activity may be related to the 
findings of Ortega (1966). He applied light and electron 
microscopy to the study of rat liver cell changes induced 
by the incorporation of DDT into diet. He noticed: (a)
proliferation of endoplasmic reticulum, (b) a peripheral 
distribution of discrete ribosomes, and (c) formation of 
inclusion bodies composed of laminated aggregates of mem
branes richly supplied with lipid. These inclusions appeared 
closely related to the endoplasmic reticulum.

Recently Cazorla (1964) demonstrated that 4.3 x 
10 DDT inhibited rabbit muscle lactic dehydrogenase by 
91%. At the same level DDD / 2 , 2-bis (p-chlorophenyl)-1,1- 
dichloroethane/ showed 78% inhibition. DDD also inhibited 
preparations from guinea pig and dog (depending on the type 
of muscle). The author also noticed that GSH (reduced 
glutathione) partially protected the enzyme, and from this 
he postulated that the inhibition had something to do with 
sulfhydryl linkages. Forgash (1951) clearly demonstrated 
that DDT is not a general sulfhydryl inhibitor.

A diet containing 200 PPM of DDT was found to have 
no effect on oxygen consumption, glucose utilization, 
glycolysis or choline esterase activity of rat adipose 
tissue (Hukuhara et_ al. 1962) . Schwabe (1964) confirmed the 
findings of Hukuhara and further showed that DDT caused a 
considerable mobilization of unesterified fatty acids.
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Mobilization was shown to be the result of central nervous 
system excitation.

The data of Parker (1960) coincides with the find
ings of Hukuhara, but the author noticed no significant 
release of fatty acids. The author expanded his studies to 
that of rat liver mitochondria. He found that 3.5 x 10 ^M 
DDT gave 62% inhibition of uptake and 64% inhibition of 
pyruvate respiration, which is consistent with the findings 
of Sacklin, Terriere and Remmert (1955) mentioned previously 
DDE and DDA showed inhibition although to a smaller extent. 
The former author's data indicates that DDT stimulated accep
torless respiration and ATPase activity, which is character
istic of uncoupling agents.

Winteringham (1962) has stated that while DDT may 
inhibit oxidative metabolism, it is not an uncoupling agent. 
He was able to show in some unpublished experiments that an 
established uncoupling agent like DNP will stimulate the 
respiration of a narcotized insect in the expected manner 
while DDT will not do so.

From work with glycerol-l-phosphate and ATP concen
tration in poisoned house flies, Heslop and Ray (1964) 
suggested that DDT interferes with the phosphorylation steps 
of glycolysis by causing increased breakdown of ATP. An 
investigation by Gonda el: al. (cited by Tahori, 1958) showed
that 5 x 10~^M DDT inhibited the exchange reaction between 
32 ■ - ■p -labeled orthophosphate and ATP in Aedes aegypti
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sarcosomes. The same DDT concentration had no effect on
mammalian liver and brain mitochondria.

Alexander, Barker and Babers (1958) found that 0.5
mg DDT caused inhibition of acid phosphatase in house flies
(40% in females and 75% in males). However* no difference
between resistant and susceptible strains was noticed.

32Tomizawa and Fukami (1956) injected P into DDT-
treated Periplaneta americana. They noticed that DDT

32inhibited the incorporation of P into the phosphorylated
intermediates, orthophosphate, ATP, ADP, glucose-l-phosphate,
glucose-6-phosphate, fructose-6-^phosphate, hexose-diphosphate
and 3-phosphoglycerate, in the nerve cord and muscle. The

32incorporation of P into lipid was also inhibited.
Gregg et al. (1963) made a very complete study of 

oxidative phosphorylation and related reactions in house fly 
mitochondria. DDT (10 ^M) abolished phosphorylation, the 
ATP-P^ exchange, and the DNP-stimulated ATPase activity; and 
in this respect appears to be unique among known uncouplers 
or inhibitors of mitochondrial ATPase. DDT was also found 
to inhibit that portion of the total respiration which is 
"tightly coupled” to oxidative phosphorylation; uncoupled 
respiration is not depressed by DDT. The authors suggested 
that the toxicity of DDT could result from inhibition of 
oxidative phosphorylation necessary to maintain the ionic 
gradients required for normal nerve function.
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This hypothesis has received support from the 

findings of Matsumura and O'Brien (1966a & b). They were 
able to show that DDT complexed with components of insect 
nerve and simultaneously interfered with K+ efflux. Ultra
violet and fluorescent spectra data on the complex formation 
suggests that the combination involves formation of a charge 
transfer complex.

The information summarized above indicates that 
there are many facets to an explanation of the effect of DDT 
on metabolism which are of particular importance to mammals. 
From a public health standpoint it is necessary to deter
mine whether or not the effects noticed in insects apply to 
mammals and to further characterize those that do.

B. Non-specific Interactions
-In addition to the interaction with specific bio

chemical processes, a toxic agent must be capable of non
specific interactions. Hansch et al. (1965) have shown the
importance of the partition coefficient between oil and 
water in assessing biological response to a drug. They 
postulated that, since the partition coefficient is a 
measure of the hydrophobic binding power of a substituent, 
it can be used to estimate the distribution of a drug 
between the various aqueous and lipophilic phases including 
the final binding to the site of action. They point out 
that a lipophilic material will be able to penetrate lipid
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barriers, such as cell membranes, as was demonstrated by 
Collander (1937). This is due to the lipoprotein nature of 
cellular membranes (DeRobertis, Nowinski and Saez, 1965).

Those authors also feel that a material with a high 
oil/water partition coefficient will be localized in the 
first lipophilic area with which it comes in contact. How
ever Gurd (1960) points out that highly organic soluble 
compounds (lipids) are readily exchanged between one 
lipoprotein and another or between plasma lipoproteins 
and cellular lipoproteins. This is seen to occur by the 
formation of collision complexes, which presumably determine 
the rate and nature of diffusion of lipoprotein transported 
material. Gurd also pointed out that proteins are capable 
of binding a wide variety of organic compounds.

The oil/water partition coefficient of DDT is 
extremely high. This follows from the fact that the solu
bility of DDT in HgO was found to be 1.2 PPB or less at 
25 C. by Bowman, Acree, and Corbett (1960). Conversely,
DDT is very soluble in oils and organic solvents (Metcalf 
1955). The solubilities of DDE and DDD are similar to DDT 
(Metcalf 1955). DDT (and its congeneric analogues) would 
thus seem to be characterizable through consideration of its 
hydrophobic interactions.



EXPERIMENTAL,PROCEDURE

University of Arizona strain female rats weighing 
200 to 300 g and maintained 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 1-DDT in 1 ml. of peanut 
oil. The dosed rats and control rats were then fasted for 
16 hours. The body weights of treated and control animals 
did not alter appreciably during the course of these experi
ments. The rats were sacrificed by means of a sharp blow to 
the head followed by decapitation. Blood was collected 
(ca. 2 ml.), and the livers were rapidly excised and washed 
in ice cold 0.25M sucrose. The livers were blotted dry with 
filter paper and 10% homogenates made by grinding 2 g of 
liver tissue in a total volume of 20 ml. of ice cold 0.25M 
sucrose using a homogenizer fitted with a teflon pestle 
(12-15 passes). A 4-ml. aliquot was taken from each homoge
nate and used to determine losses accompanying centri
fugation.

An rn vitro distribution of DDT was obtained by 
adding 1.50 mg of DDT in 5A of ethanol to the sucrose medium 
prior to homogenation.

Particulate components were separated by a modifica
tion of the centrifugation method of Schneider, Claude, and 
Hogeboom (1950) as illustrated in Figure 1. Sixteen ml. of

13
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Fig. 1.— Diagram of the cell fractionation.
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the homogenate was centrifuged for 10 minutes at 1800 x 
gr^. The sediment was rehomogenized with 10 ml. of 0.25M 
sucrose and centrifuged for 10 minutes at the same speed.
The sediment was the crude nuclear fraction. The supernatant 
and washings were combined and centrifuged at 18,000 x g ^  
for 30 minutes to sediment the mitochondria. The supernatant 
was then centrifuged at 70,000 x g ^  for 120 minutes to 
yield a microsomal sediment and soluble fraction supernatant. 
The temperature of samples was never allowed to rise above 
10° C. during the fractionation.

The microsomal, mitochondrial and nuclear fractions 
were resuspended in 50% saturated sodium sulfate. These 
suspensions along with the serum, aliquot, and soluble frac
tions were placed in separatory funnels and extracted addi- 
tively with 25 ml. ethanol, 50 ml. diethyl ether and 25 ml. 
pentane. One hundred ml. of water was added by gently pour
ing it down the side of the separatory funnel. The water 
layer was then removed and with it the bulk of the protein 
present. An additional 100 ml. water was added to each with 
vigorous shaking and the resultant emulsion broken with 
anhydrous sodium sulfate. The water layer was removed and 
the organic phase washed with an additional 100 ml. of 
water. The organic phase was then filtered through sodium 
sulfate into a 250 ml. beaker, evaporated to ca. 2 ml. 
volume on a steam bath, and diluted to 5 ml. with pentane.
A 2.5 ml. aliquot was removed for a total lipid determination.
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The remaining 2.5-ml. sample was subjected to a florisil 
column clean-up as employed by Stull et al. (1965). The 
purified samples were subsequently analyzed for DDT, DDE 
and DDD by electron capture gas chromatography by the 
method of Witt et al. (1966).

The total lipids determination involved the evapora
tion of the other 2.5-ml. aliquot to dryness in tared 150-ml. 
beakers. This was accomplished by evaporating to near dry
ness in a water aspirated oven at room temperature and then 
completely drying in vacuo at 60° for 30 minutes. They 
were then transferred to a cooling chamber for 15 minutes and 
a dessicator for 20 minutes. The samples were weighed and 
the lipid content determined by difference.

Reagent blanks and recovery standards accompanied 
every extraction. Glassware was also checked for cleanliness 
All solvents were redistilled before usage.



RESULTS

The average uptake and distribution of DDT, DDD and 
DDE by 2 g samples of rat liver is shown in Table 1. Sixteen 
hours after oral administration of 10 mg of DDT the total in 
vivo uptake was 5.160 mg DDT, 2.230 mg DDD and 0.323 mg DDE. 
Approximately 60% of the DDT is divided between the soluble 
and mitochondrial fractions on a roughly equal basis, the 
remaining 40% 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 
"Percent of the total analogues per fraction" that 31.8% of 
the pesticide found in mitochondria was DDD. This is some
what higher than the percentage of DDD found in the other 
fractions. In all fractions, DDT was the most predominant 
material found, with small amounts of DDE indicated and from 
about 26 to 32% DDD. <

Liver samples from rats sacrificed one week post 
treatment (Table 1) showed decreases in total DDT, DDD and 
DDE contents to concentrations of 1.195 mg, 0.787 mg and 
0.102 mg, respectively. The soluble fraction displayed the 
most marked depletion of DDT (by a factor of 8); by compari
son, the microsome fraction decreased only by a factor of 
about 2. The shift in distribution from the soluble fraction

17
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to the microsomal fraction accompanying this depletion is not 
attended by a variation in the overall distribution of the 
nuclear and mitochondrial fractions. The latter fractions 
showed roughly parallel decreases. The DDD content and dis
tribution was similarly affected, the only significant 
difference being that there was an increase in the percent of 
the total analogues represented by DDD.

The livers of undosed control rats contained predom
inantly DDT (0.483 mg) with small amounts of DDE indicated.
A salient feature of the control study is the low level of 
DDD (0.088 mg total). It is noteworthy that the nuclear 
fraction contained almost 40% of the DDT present in the 
control samples, maintaining the same concentration as the 
first week post treatment samples.

The .jin vitro results typify the passive distribution 
of DDT. The nuclear and mitochondrial fractions have the 
highest concentration of DDT and the soluble fraction the 
lowest. These results also provided a recovery standard for 
the entire procedure. Of the 1.50 mg initially added to the 
samples, 1.23 mg was recovered (the value 1.23 being obtained 
by adding the aliquot value of 0.226 /d.904/4/ to the total 
value of 0.997). This corresponds to an 82% recovery.
Similar recoveries were obtained for the extraction recovery 
standards.

Table 2 contains the results of the lipid determin
ations and the correlation between these values and the
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pesticide content. The lipid extracted probably contains 
some lipoprotein. The pesticide/lipid correlations give a 
strong indication that DDT is not being partitioned on a 
strictly lipid basis as will be discussed later.

In vitro, the nuclear fraction displayed the 
greatest concentration of DDT on a lipid basis (Table 2).
The soluble fraction had a higher value than the approxi
mately equal values of the mitochondrial and microsomal frac
tions. This ratio is proportional to the total analogue 
values obtained for the control livers. Likewise the 16 
hours post treatment and one week post treatment in vivo 
ratios were proportional to each other. In these cases, how
ever, the soluble fraction had the highest concentration of 
analogues per mg of lipid.

In all the studies the aliquot values (multiplied by 
4) compare favorably with the total sample values. It can be 
assumed then that little loss of pesticide occurred during 
fractionation by centrifugation or extraction.



DISCUSSION

Recovery standard values obtained for DDT were 
satisfactory. A rigorous determination of recoveries should 
include data on DDD and DDE. However, previous work in this 
laboratory has shown that parallel recoveries can be expected 
for DDT, DDD and DDE.

The detection of DDD and DDE in rat liver is consis
tent with that reported in the literature as is the finding 
of DDD as the principal DDT metabolite (Menzie 1966).

The data shows 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 pesti
cide content and distribution seems to be a function of the 
particular point in time. The control samples are taken to 
represent that point in time where equilibrium has been 
reached. As will be seen later, this is not a wholly satis
factory assumption, but it is adequate.in light of the manner 
in which it is used in the following discussion on DDT.

A seemingly tenable interpretation of the _in vitro 
study would be that this distribution is an expression of 
the relative DDT binding affinities of the various components 
of the intracellular milieu. Here the assumption is made

20
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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 (Bowman, Acree 
and Corbett, 1960) 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 (Table 2) leads to the supposition that there 
is a significant non-lipid binding occurring. 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 frac
tions.

This latter effect would appear to favor DDT binding 
by hydrophobic groups in the soluble fraction as opposed to 
the other fractions where binding by some of the inner frac
tion components requires preliminary penetration of lipo
protein envelopes. There is no way to evaluate this effect 
from the data, even though this type of contribution may be 
significant.

The fact that the nuclear fraction shows the greatest 
DDT binding on a lipid basis would tend to favor the existence 
of significant non-lipid binding. This follows from the fact 
that nucleoproteins constitute the major part of the solid 
material in nuclei (DeRobertis, Nowinski and Saez, 1965b) and
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as pointed out in the review of the literature, proteins are 
capable of binding a wide variety of organic molecules.

Looking at the in vitro data in Table 1, it is 
interesting to suppose the presence of mediated intra
cellular pesticide transport. This would explain the 
anomaly arising from the prevalence of pesticide in the 16 
hours post soluble fraction when the in vitro data shows the 
DDT has little passive affinity for the soluble fraction.
This hypothesis is based on the fact that DDT and its 
analogues have an extremely high oil/water partition co
efficient. For this reason after the pesticide has penetrated 
to the inner face of the cell membrane, it would not be 
spontaneously released into the aqueous medium but would 
have to be plucked off the inner membrane, probably by a 
soluble fraction lipoprotein. Thus most of the pesticide 
entering the cell may do so via a soluble fraction component 
and then be exposed to intracellular partitioning. This 
hypothesis thus envisions an efficient pesticide binding 
by a few select molecules of the soluble fraction (the in 
vitro data indicating their relative inabundance) which have 
a favorable access to the inner face of the cell membrane.

Accordingly 16 hours post treatment when blood 
levels of the pesticide are still high, this hypothesis 
would predict a high pesticide concentration in the soluble 
fraction due to pesticide constantly entering the cell.
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Likewise one week post treatment when the ingested DDT has 
been cleared from the blood (Witt'-et ajL. 1966) , the hypo
thesis would predict a comparatively low level of pesticide 
in the soluble fraction as it is not picking up pesticide 
from the cell membrane. These two predictions are consistent 
with the data thus supporting the possible existence of 
mediated pesticide diffusion intracellularly.

The "first week post” pesticide distribution was not 
parallel with the in vitro passive distribution. However, 
the control distribution of DDT was very similar to the in 
vitro results indicating that a passive DDT distribution does 
occur in time. It is of interest to note that the DDT level 
.in the nuclear fraction was 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 (1965) demonstrated that rat liver'micro- 
some s detoxify DDT. Table 2 shows that in the 16 hours post 
liver cells the primary detoxification product, DDD, repre
sented a greater percent of the total analogues than it did 
in the blood. Thus the liver cells seem to have detoxified 
DDT in accordance with Morello8s findings. Some detoxifica
tion of the ingested DDT probably already occurred prior 
to liver cell uptake of pesticide. This has been shown to 
occur in the intestine (Barker, Morrison and Whitaker, 1965).
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Detoxification was either more efficient or more 

complete by the first week post treatment since the percent
age of DDT dropped by approximately 8-12% in the respective 
fractions. Hefe, as in the 16 hours post treatment samples, 
the mitochondrial fraction had the greatest percentage of 
DDD. This is unexpected, as no DDT metabolizing function 
has been attributed to mitochondria.

Control samples showed an unexpectedly high percent
age of DDT and low percentage of DDD. Two possible explanations 
are offered for this findings (1) due to the fact that only 
small amounts of pesticide are entering the system, possibly 
the liver enzymes involved in the DDT to DDD reaction have 
not been stimulated to their full capacity, or (2) once it 
is formed DDD may possess distinct properties which facilitate 
its removal from the liver.



CONCLUSION

The uptake of orally administered DDT by rat liver 
cells has displayed the following 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 with time 
occurred with the eventual attainment of the 
passive DDT distribution noted in the in vitro 
study.

(4) Non-lipid binding of pesticide appeared to be 
prevalent.,

(5) The cellular uptake and the subsequent intra
cellular diffusion was seen to involve a 
mediated carrier mechanism.

(6) Liver cells were actively detoxifying DDT, 
primarily to DDD and possibly to DDE.

This characterization provides an insight into the 
nature of the non-specific DDT interactions but leaves 
unanswered the question of which specific interaction of DDT 
would be expected to be the more significant.

25
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THE DISTRIBUTION OF DDT, DDD AND DDE 
AMONG THE CELLULAR FRACTIONS. OF RAT LIVER

TABLE 1

DDT DDD DDE Percent of the

Fraction ,
- yg per 
frac
tion

%  Of ' 
Total

yg per 
frac
tion

%  of 
Total

yg per 
frac
tion

% of 
Total

total analogues 
per fraction 

DDT DDD DDE

16 hr. post in vivo"*"
Microsome 1.000 19.4 0.370 16.6 0.070 21.7 69.4 25.7 4.9
Mitochondria 1.530 29.7 0.760 34.1 0.098 30.3 64.0 31.8 4.2
Crude^nuclear 0.950 18.3 0.375 16.8 0.050 15.5 69.1 27.2 3.7
Soluble 1.680 32.6 0.725 32.5 0.105 32.5 67.0 28.8 4.2

Total 5.160 100.0 2.230 100.0 0.323 100.0 — ■ - -
Aliquot x 4 5.060 3.240 0.330Blood.3 0.415 0.095 0.045 74.7 17.1 8.2

21st week post in vivo
Microsome 0.457 38.2 . 0.300 . 38.1 0.048 47.1 56.8 37.3 6.0
Mitochondria 0.334 28.0 0.258 32.8 0.028 27.4 53.9 41.6 4.5
Crude nuclear 0.198 16.6 0.102 13.0 0.012 11.8 63.5 32.7 3.8
Soluble 0.206 17.2 0.127 16.1 0.014 13.7 59.4 36.6 4.1

Total 1.195 100.0 0.787 100.0 0.102 100.0
Aliquot x 4 - - ■ —

Control"*"
Microsome 0.110 22.8 0.028 31.9 0.015 34.9 71.9 18.3 9.8
Mitochondria 0.121 25.0 0.020 22.7 0.010 23.3 80.1 13.2 6 . 6
Crude nuclear 0.191 39.5 0.022 25.0 0.010 23.3 85.6 9.9 4.5
Soluble 0.061 12.6 0.018 20.4 0.008 18.6 70.1 20.7 9.2

Total 0.483 100.0 0.088 100.0 0.043 100.0
Aliquot x 4 0.428 0.113 0.052

In Vitro"*"
Microsome 0.235 23.6Mitochondria 0.292 29.3
Crude nuclear 0.304 30.5
Soluble 0.166 16.6Total 0.997 100.0
Aliquot x 4 0.904

Represents average of 4 rats
Represents 1 rat 
3Represents average of 2 rats for 2 ml. of blood
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TABLE 2

LIEID CONTENT AND TOTAL PESTICIDE 
PER FRACTION AND THEIR RELATIONSHIP

Lipid Content
lag of DDT and 
its analogues

Fraction
mg per %  of 
fraction Total

lag per % of u g
fraction Total m g

per
fat

16 hr. post _in vivo'*'
Microsome 9.3 27.0 1.44 18.8 0.155Mitochondria 13.5 38.8 2.39 31.1 0.177
Crude nuclear 6.3 18.2 1.38 18.0 0.219
Soluble 5.6 16.0 2.47 32.2 0.410Total 34.7 100.0 - 100.0 -
Aliquot x 4 Blood3 36.8

0.555
21st wk. post in vivo

Microsome 10.8 35.8 0.805 38.6 .0745
Mitochondria 12.4 41.0 , 0.620 29.8 .0500
Crude nuclear 4.0 13.3 0.312 15.0 .0780
Soluble 3.0 9.9 0.347 16.6 .1160

Total 30.2 100.0 - 100.0 -
Aliquot x 4 -

1Control
Microsome 10.3 34.2 0.153 24.9 .0148
Mitochondria 10.8 35.1 0.151 24.6 .0140
Crude nuclear 5.0 16.0 0.223 36.3 .0446
Soluble 4.8 14.7 0.087 14.2 .0180

Total 30.9 100.0 - - 100.0 -
Aliquot x 4 31.1

In vitro"*"Microsome 8.9 29.7 .0266
Mitochondria 10.7 36.4 .0271
Crude nuclear 5.4 17.8 .0580
Soluble 5.1 16.2 .0354

Total 30.1 . 100.0
Aliquot x 4 33.1

^Represents average of 4 rats2Represents 1 rat 3Represents average of 2 rats for 2 ml. of blood
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