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EPDXIDATION OF CYCLODIENE COMPOUNDS 
BY RAT LIVER MICROSOMES 

INTRODUCTION 

Since the discovery of DDT as an insecticide, many chlorinated 

hydrocarbon insecticides have been developed. One series of chlori- 

nated compounds, cyclodienes, were introduced by Julius Hyman and 

associates in 1946 (21, p. 661 -664; 22, p. 127 -131). This group in- 

cludes: aldrin (1, 2, 3, 4, 10, 10- hexachloro -1, 4, 4a, 5, 8, 8a- hexahydro- 

1, 4 -endo, exo -5, 8- dimethanonaphthalene), isodrin (1,2, 3, 4, 10, 

10- hexachloro -1, 4, 4a, 5, 8, 8a -hexa hydro-1,4-endo, endo -5,8, 

-dimethanonaphthalene ),heptachlor (1, 4, 5, 6, 7, 8, 8- heptachloro -3a, 

4, 7, 7a- tetrahydro -4, 7- methanoindene) , and their oxygenated deri- 

vatives, dieldrin (1, 2, 3, 4, 10, 10- hexachloro -6, 7- epoxy -1, 4, 4a, 5, 6, 

7 , 8, 8a- octahydro -1, 4 -endo, exo -5, 8- dimethanonaphthalene), endrin 

(1, 2, 3, 4, 10, 10- hexachloro -6, 7- epoxy -1, 4, 4a, 5, 6, 7, 8, 8a- octahydro- 

1, 4 -endo -endo -5, 8- dimethanonaphthalene), and heptachlor epoxide 

(1,4, 5, 6, 7, 8, 8- heptachloro -2, 3 epoxy 2, 3, 3a, 4, 7, 7a hexahydro-4, 

7- methanoindene). They have been extensively used for the control 

of grasshoppers, cotton insects, household insects and soil inhabiting 

insects. 

Although the cyclodienes are effective in the elimination of 

insects, they have drawbacks because of their long persistence in 
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soil and in plant and animal tissues. Their residual life may range 

as long as months or even years. For instance, aldrin has been re- 

covered from soil after four years as unchanged aldrin and more 

abundantly as dieldrin. 

At toxic levels, these compounds affect the nervous system 

resulting in abnormal sensations of prickling, burning, or itching as 

well as tremors or even convulsions. It is believed that damage to 

the liver by these insecticides may be the cause of a rise in cases of 

hepatitis and cirrhosis in humans since 1950 (20, p. 134). The main 

entrance of these toxicants into the body is from their residues in 

plant and animal products. Since it is difficult to completely elimi- 

nate such materials from human and animal diets, knowledge of 

their metabolism in the animal body is of vital importance. 

It now appears that the first step in the metabolism of chlori- 

nated cyclodiene insecticides is their epoxidation. The first evidence 

of epoxide formation was presented in 1953, when it was shown that 

heptachlor was converted to heptachlor epoxide by dogs (15, p. 259- 

265). This discovery led to other experiments in which aldrin, iso- 

drin and heptachlor were fed to laboratory and farm animals and 

found to be excreted as epoxides. It is interesting to note that the 

parent cyclodiene compounds are less toxic than their oxygenated 

derivatives. Their metabolism, therefore, does not result in detoxi- 

cation but rather in an intensification of their toxicities. 
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The site of detoxication or elimination of foreign compounds has 

long been known to be the liver. Considerable progress has been 

made recently in understanding the metabolism of such compounds by 

enzyme systems in liver microsomes. These subcellular particles - 

are able to oxidize a variety of foreign compounds. Whether the liver 

microsomes have the ability to epoxidize the cyclodiene compounds 

has not yet been revealed nor have the characteristics of the enzymes 

involved been studied. These were the main objectives of the research 

described here. 
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HISTORICAL REVIEW 

The discovery by Davidow and Radomski in 1953 was the first 

evidence of the conversion of cyclodiene insecticides to their epox -ides. 

They later repeated the findings by using heptachlor fed rats and 

dairy cattle (29, p. 266 -272). The conversion of aldrin to dieldrin in 

mammals was first shown by Barnes as reported by Winteringham 

and Barnes in 1955 (30, p, 701). The following year, Bann confirmed 

such conversion in cattle, pigs, sheep, rats and poultry and showed 

that the change of the insecticides was independent of the site of entry 

of the toxicant, as it occurred following either oral ingestion or sub- 

cutaneous injection (4, p. 937 -941), The conversion of isodrin to its 

epoxide, endrin, in mammals has not been shown, however, it would 

be expected to undergo the same change. 

Using houseflies, Perry and associates demonstrated the con- 

version of heptachlor to its epoxide in 1958 (28, p, 346 -351), and 

Winteringham and Harrison reported the metabolism of aldrin to 

dieldrin in 1959 (31, p. 608). Brooks also using houseflies, con- 

firmed the metabolism of aldrin to dieldrin and in addition showed the - 

conversion of isodrin to endrin (11, p. 96). 

Other reports, including those showing metabolism of cyclo- 

diene insecticides by microorganisms and plants, are numerous. 

They provide abundant evidences for the existence of an epoxidative. 

- 
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system in intact biological systems, However, the in vitro metabo- 

lism of these compounds in subcellular particles has not been 

studied. 

As reviewed by Brodie in 1958, previous studies have shown - 

that microsomes contain enzyme systems which metabolize drugs by 

oxidation (12, p. 427 -454). Thus, side -chain oxidation of barbituates, 

ether cleavage of codiene, deamination of amphetamin, and dealky- 

lation of aminopyrine are all catalyzed by microsomes and require 

reduced NADP and molecular oxygen. In 1956, Mitoma et al. were 

able to show hydroxylation of aromatic compounds by liver micro- 

somes of rabbits (25, p, 431 -441), Booth and Boyland later demon- 

strated a similar system in rat liver microsomes (5, p. 681 -688). 

In 1950, Boyland suggested that epoxidation occurred before - 

hydroxylation or conjugation in the metabolism of aromatic com- 

pounds (7, p. 40 -57). In 1960, Boyland and Sims, showed that both 

1, 2- epoxy -1, 2, 3, 4- tetrahydronaphthalene and 1, 2- dihydronaphthalene 

were converted into trans -1, 2- dihydroxy -1, 2, 3, 4- tetrahydronaph- 

thalene and a small amount of a mercapturic acid [N- acetyl-(2- 

hydroxy-1, 2, 3, 4- tetrahydro -1 naphthyl- L- cysteine)1 (8, p, 175 -181). 

This indicates that epoxidation of the olefinic 3, 4 -bond on 1, 2 -dihy- 

dronaphthalene is the initial metabolic step. 

The in vivo findings together with the in vitro demonstration of 
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oxidative systems in liver tissue provide a base for the investigation 

of epoxidative system in liver microsomes. 
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MATERIALS AND METHODS 

Materials 

Experimental animals- -adult male and female albino rats were 

supplied by the animal quarter of the Agricultural Chemistry 

Department of Oregon State University. 

Aldrin (1, 2, 3, 4, 10, 10- hexachloro -1, 4, 4a, 5, 8a- hexahydro -1, 4endo, 

exo 5, 8-dimethanonaphthalene)1 1 

Dieldrin (1, 2, 3, 4, 10, 10- hexachloro -6, 7-epoxy- 1, 4, 4a, 5, 6,6, 8, 8a- 

octahydro-1, 4-endo, exo 5, 8-dimethanonaphthalene)1 

Isodrin.(1, 2, 3, 4, 10, 10-hexachloro, 1, 4, 4a, 5, 8, 8a-hexahydro- 1, 4- 

endo, endo- 5, 8 -dimethanonaphthalene) 1 

Endrin (1, 2, 3, 4, 10, 10- hexachloro -6, 7- epoxy -1, 4, 4a, 5, 6, 7, 8, 8a- 

octahydro-1, 4-endo, endo-5, 8-dimethanonaphthalene) 1 

Heptachlor (1, 4, 5, 6, 7, 8, 8- heptachloro -3a, 4, 7, 7a- tetrahydro -4, 7- 

1 methanoindene) 

Heptachlor Epoxide (1, 4, 5, 6, 7, 8, 8- heptachloro -2, 3 -epoxy 2, 3, 3a 

4, 7, 7a hexahydro-4, 7- methanoindene) 1 

Sucrose (reagent grade) obtained from Merck and Co. , Inc. 

2 Nicotinamide 

'Obtained from Shell Chemical Corporation, Agricultural Chemicals 
Division. Its purity has been confirmed by paper chromatography 
and gas chromatography 

2 Obtained from the Sigma Chemical Company. 
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Glucose -6- phosphate (Disodium salt)1, 2 

NADP (Nicotinamide Adenine Dinucleotide Phosphate- monosodium 

salt)1, 2 

Glucose -6- phosphate dehydrogenase ( Zwischen -ferment) l' 3 having 

the following activity: 1,000 Kornberg units4 per gram 

Tris buffer - ( trishydroxymethylaminomethane)1 

Methods 

Isolation of Microsomes 

As the electron microscope has revealed, microsomes appear 

to be fragments of the so- called endoplasmic reticulum of ergasto- 

plasm, the membrane -like structures in the cytoplasm. During 

homogenization and centrifugation, this reticulum disintegrates into 

fragments of different sizes. The oxidative enzymes are believed to 

be present only in the smaller microsomes (27, p. 171). 

In the current study, the isolation of these particulate fractions 

1 Obtained from the Sigma Chemical Co. 

2 Stored under desiccation at 0 °C. 

3 Stored at -15 °C. 

4 
One Kornberg unit is defined as the amount of enzyme catalyzing the 
reduction of 1.0 micromole of NADP per minute in the presence of 
Glucose -6- phosphate at pH 7. 4, 25 °C. 
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was accomplished by means of differential centrifugation. All 

isolation procedures were carried out at 00 - 20C. to prevent the loss 

of the enzymatic activity. A 10% homogenate of rat liver (one part 

liver + nine parts 0.25M sucrose) was prepared by blending for 30 

seconds in a pre - chilled Waring blendor. The homogenate was 

centrifuged at 10, 800 x g for ten minutes to remove nuclei, mitochon- 

dria and other cell debris. The supernatant was then centrifuged for 

30 minutes at 95, 540 x g. The resulting supernatant was discarded. 

The sediment was retained as the microsomal fraction. Prior to 

their incubation with the substrates, the microsomes were resus- 

pended in 0. 25 molar sucrose solution in a small Potter -Elvehjem 

homogenizer. Each half milliliter of the suspension was equivalent 

to 750 mg. of fresh rat liver. This was the standard amount used for 

each incubation. 

Incubation Conditions 

A typical reaction mixture consisted of: two milliliters of tris 

buffer solution (1 . 3 M at pH 8. 0) , 0.02 milliliters of aldrin (contain- 

ing 20 micrograms or 0. 053 micromoles), or 0. 2 milliliters of 

radioactive aldrin (0. 36 microcuries), 0. 5 milliliters of microsomal 

suspension equivalent to 750 mg. of rat liver and one milliliter of 

NADPH generating solution. This solution contained NADP (1.8 

micromoles), glucose -6- phosphate (18 micromoles), _ 
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glucose -6- phosphate dehydrogenase (O. 4 Kornberg units), and nico- 

tinamide (18 micomoles). Water was added to make the total incu- 

bating volume of six milliliters. This incubation mixture was 

referred to as the standard reaction mixture for the following 

experiments. 

Double distilled water was used to prepare all reagent solutions. 

The tris buffer was adjusted to pH 8. 0 with 3 N hydrochloric acid. 

Non -buffered isotonic sucrose was used in all experiments. The 

water insoluble insecticides were dissolved in ethylene glycol mono- - 

methyl ether (methyl cellosolve) which was redistilled before use. 

The incubations were conducted in 50 milliliter Erlenmeyer 

flasks which were mechanically shaken at 37° C. The atmosphere 

above incubating medium was air. In most experiments, 15 minutes - 

interval was used for incubation which was then stopped by extracting 

the metabolites with ten milliliters of 3:2 hexane -isopropyl alcohol. 

After swirling well and allowing the layers of solution to separate, 

the hexane - isopropyl alcohol mixture was removed with a hypodermic 

syringe. The extraction was repeated two additional times with ten 

milliliters of hexane. The three extracts were combined and evapo- 

rated to dryness under an air jet. The residue was redissolved with 

0. 4 milliliter of hexane. An aliquot was then taken for analysis. 

Tests of this analytical procedure showed it to account for 85 -90% 

of the added insecticides. 
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Analytical Methods 

A recent method for the determination of chlorinated hydrocar- 

bons, employs a microcoulometric gas chromatograph. The follow- 

ing diagram illustrates the principal components of the instrument 

( 14, p. 399). A six foot 1/4 -inch aluminum column is packed with 

30/60 mesh chromosorb coated with 5% high vacuum silicone grease. 

The components emerging from the column are combusted in an atmos- 

phere of oxygen in the furnace. The resulting halogen acids are bub- 

bled into the titration cell, where they react with silver ions. An elec- 

trical current maintains a constant silver ion concentration in the cell. 

The amount of balancing current, which is proportional to the amount 

of insecticides, is recorded on a strip chart recorder as a function of 

time. The instrument is calibrated with known amount of insecticide. 

When radioactive aldrin was used as substrate, the radioactive 

metabolites were extracted the same way as above. An aliquot of the 

extract was resolved by paper chromatography and the radioactivity 

of the metabolites was measured by scanning the strips with a gas 

flow G. M. detector. 

Paper Chromatographic Method and Apparatus 

The reverse phase paper chromatographic method of Mitchell 

(26, p. 781) was used. Whatman No. 1 chromatographic strips, 3. 8 

cm. x 50 cm. were coated with 10% 2- phenoxyethanol in ether as the 

- 
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immobile phase and trimethyl pentane was used as the mobile solvent. 

The Rf values of unknown metabolites were compared with that of 

standard compounds. 

Identification of metabolites: 

Sample 
nitrogen as 

carrier gas 

Recorder / 

Ga s 
Chromato- 

graphy 

Combustion 
Furnace 

Coulometer Titration 
Cell 

Diagram of Coulometric Gas Chromatograph 

1 i 

( 
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RESULT AND DISCUSSION 

The metabolic activity of rat liver microsomes with aldrin as 

substrate was tested in several preliminary experiments. These in- 

dicated that a system capable of converting aldrin to dieldrin was 

present. The enzymatic nature of the reactions was established by 

the use of boiled microsomes in which case no dieldrin could be de- 

tected. The system was found to require nicotinamide, NADPH and 

molecular oxygen. 

At first, the metabolites were extracted with organic solvents 

such as ether and hexane but this method could only recover 50% of 

their metabolites. The method was improved by the use of a 3:2 

mixture of hexane and isopropyl alcohol. Aside from the epoxides, 

no other metabolites of significance could be detected during the test 

with radioactive aldrin or in subsequent experiments using the gas 

chromatographic method. Epoxidation could then be used as a meas- 

ure of enzyme activity. 

With the evidence that liver microsomes contained enzyme 

systems capable of converting cyclodiene insecticides to their epox- 

ides, further experiments were conducted in search of optimum 

reactive conditions. Factors studied included enzyme level, pH, 

substrate concentration, incubation time, and stability of micro- 

somes in storage. 

- 
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Microsomal Level 

The amount of substrate metabolized in a given period of time 

by an enzyme or enzyme system should be proportional to the level 

of the enzyme or enzyme system present if other conditions are not 

limiting. This point was examined in experiments using constant sub- 

strate concentrations (aldrin) with increasing amounts of rat liver 

microsomes. In this way, the optimum level of microsome for the 

metabolism of cyclodiene compounds could be found. 

The plot shown in Figure 1 is a composite of three different 

experiments using livers of three adult male rats. In the last experi- 

ment, seven different levels of microsomes were used. The curve 

shows that the amount of substrate metabolized is proportional to the 

level of microsomes present up to an equivalent of 450 milligrams of 

fresh rat liver. At this level, about <80;% of the substrate is trans- 

formed. 

The leveling off of the curve might indicate the exhaustion of the 

substrate present in the reaction mixture. This might also be caused 

by the inhibitory effect of the product (dieldrin). It would mean 

that the epoxide formed would inhibit the epoxidative_ enzyme .'system. 

This point be considered later. 

The Effect of pH 

The effect of pH on enzymes is due to the changes in the state of 

,will 
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Figure 1. The Relation of Liver Microsome Level to Conversion 
of Aldrin to Dieldrin. 
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ionization of the components of the system as the pH changes. Since 

enzymes are proteins containing many ionizable groups, they exist in 

a series of different states of ionization and the distribution of the 

total enzyme among the various ionic forms depends on the pH and the 

ionization constants of the various groups. 

The behavior of the enzyme system due to changes of pH was 

examined in this series of experiments. The experimental conditions 

were as shown at the bottom of Figure 2. The plot in Figure 2 is a 

typical curve for the pH effect and has been confirmed in four experi- 

ments at two different substrate levels. In the first two experiments, 

50 micrograms of substrate was used while 20 micrograms was used 

in the last two experiments. 

As illustrated in Figure 2, the metabolism of aldrin by the 

microsomal suspension of rat liver displayed a maximum between pH 

6 and 9, with the optimum point located near pH 8. 2, The Activity 

curve showed that at both extremes of pH studied, the enzyme system 

remained active to an appreciable extent. 

Since the rat liver microsomal system for epoxidation has no 

precedent, its pH optimum cannot be compared with previous works. 

If, as suggested by Boyland, e p ox i d a t i o n is a step prior to 

hydroxylation, studies of this process might afford some compari- 

son. Microsomal preparations from rabbit liver have been incu- 

bated at pH 8. 2 in studying the hydroxylation of naphthalene 

(25, p. 431 -441), while preparations from rat livers have 

-. 
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Experimental Conditions: The standard incubation mixture 
was incubated aerobically at a temperature of 37 °C. with micro - 
somes that were isolated from livers of male adult rats. Substrate 
concentration of aldrin were repeated in 50 and 2.0 microgram 
levels. 
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been found to have an optimum pH of 8. 2 for 1, 2- dihydro -1, 2- dihy -- 

droxynaphthalene formation and pH 7. 6 for 1- naphthol formation 

(6, p. 73 -78). Agosin et al, (1, p. 340) incubated their housefly 

and cockroach microsomal preparations at pH 8. 7 in the metabolism 

of DDT while Arias (2, p. 38) showed the metabolism of naphthalene 

by houseflies to be optimum at pH 8, 0, Thus the optimum pH in 

hydroxylation varies with different substrates. The epoxidation of 

different cyclodiene compounds might show the similar variation in 

pH optima. This point was not investigated in the present work, 

The Effect of Substrate Concentration 

The rate of enzymatic reaction usually depends on the concen- 

tration of substrate. In some cases an enzyme may act on substrate 

only at a low substrate concentration while in others the activity 

increases with substrate level. It was the purpose of this series 

of experiments to study the concentration effect using three sub- 

strates, aldrin, heptachlor and isodrin. 

In the study of the role of aldrin level, four experiments were 

conducted, each giving the same result. The data shown in Figure 3 

was obtained from the last experiment of the series when the standard 

reaction mixture was incubated at pH 8. 2, 

The curve for the metabolism of aldrin as shown in Figure 3 

demonstrated the increasing formation of epoxide as substrate level 

-- 
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Experimental Conditions: The standard incubation mixture 
was incubated aerobically at a temperature of 37 °C. with micro - 
somes that were isolated from livers of male adult rats. 
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increases. The percentage of transformation, however, begins to 

de c rease after the level of 30 micrograms of substrate. The dis- 

proportionality between epoxidation and amount of substrate beyond 

this point might be due to the enzyme system becoming saturated 

with substrate. A product inhibitory effect is also suspected. This 

will be examined more thoroughly in the following section. 

With heptachlor as substrate, the formation of epoxide was 

found to be half as efficient as that of aldrin, while the conversion of 

isodrin was slightly less than that of aldrin, as shown in Figure 3. 

These experiments were repeated for confirmation. The data pre- 

sented in Figure 3 was obtained in the incubation of the microsomes 

of one adult male rat. The activity curves for these two substrates 

show the same pattern as that of aldrin. 

Heptachlor has one carbon less than aldrin and isodrin while 

the latter two compounds are stereoisomers. A comparison of their 

metabolisms with their molecular configuration might provide infor- 

mation on the stereospecificity of the epoxidative enzyme system. 

The stereochemistry of the three cyclodiene insecticides and their 

oxygenated derivatives is shown as follows (24, p. 241): 
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Metcalf, R. L. Organic Insecticides. N. Y. Interscience Publishers 
Inc. 1955. p. 241. 
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exo- configuration while those for heptachlor and isodrin are of endo- 
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somes (10, p. 317). 

1 

cl 

Cl 

\ 

H 

Cl Cl 

Cl 

Endrin 

H 

ÇI 

H 

kt III 
G] H 

H 



22 

The Inhibitory Effect of Epoxides 

As mentioned before, the conversion of aldrin, heptachlor, and 

isodrin was suspected to be inhibited by their epoxides. The inhibitory 

effect of dieldrin and heptachlor epoxide was studied with the results 

being expressed in Tables I and II, Endrin was not studied in this 

respect. In each case, a different level of epoxide was added to the 

standard incubation mixture with the appropriate substrate. 

TABLE I. Incubation of Aldrin with Varied Amounts of Dieldrin, 
(Substrate level = 50 micrograms) 

Dieldrin added, p.g % conversion of 
aldrin to dieldrin 

0 76.5 

20 74. 0 

40 73, 5 

60 74, 5 

TABLE II. Incubation of Heptachlor with Varied Amounts of 
Heptachlor Epoxide. (Substrate level = 20 micrograms) 

Heptachlor Epoxide Added, p.g % conversion of 
heptachlor to epoxide 

0 44 

5 46 

10 42 

20 37 
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In both cases, the epoxide fortified incubating flasks showed 

the same amount of conversion as the controls. The slight decrease 

in conversion of heptachlor in the presence of epoxide is not con - 

sidered.significant. Thus the epoxides formed during the reaction 

are not the cause of the incomplete conversions mentioned earlier. 

Incubation Time 

In most cases, enzymatic activity is directly proportional to 

time of reaction. It was the purpose of this experiment to study epoxi- 

dation at various time intervals. The reaction was stopped by organic 

solvent mixture as described in the experimental section. 

The results, when incubation intervals are plotted against 

micrograms of epoxides formed are shown in Figure 4. A linear 

relationship is seen up to 20 minutes of incubation. About 80% of 

the substrate is converted during this interval. 

Stability of Enzyme 

It would be convenient for the purpose of investigations such as 

these if the epoxidase could be kept stable for long periods. Special 

experiments were conducted to study this point. After the micro - 

somal fraction had been resuspended in 0.25 M sucrose solution, it 

was stored at 00C. Epoxidase activity was then measured after 

various lengths of storage. Each time the suspension was assayed 
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Figure 4. The Relationship of Time of Incubation to : Epoxidation 
of Aldrin. 

Experimental Conditions: The standard incubation mixture 
was incubated aerobically at a temperature of 37 °C. with micro - 
somes that were isolated from livers of male adult rats. Substrate 
concentration of aldrin was 20 micrograms. 
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for the enzymatic activity with aldrin as substrate. The enzyme re- 

mained active up to two weeks. As shown in Figure 5, the stability 

curve is almost a straight line. 

The Role of Sex 

During the experiments on the conversion of heptachlor and iso- 

drin to their epoxides, female rats were substituted for the male 

rats used in previous experiments. Unexpectedly low yields of epox- 

ides were obtained from these tests but the source of the reduced 

activities was not immediately traced to the sex of the animals. The 

change in substrate, possible defects in the reagents, and possible 

discrepancies in experimental methods were reviewed before the 

question of sex was finally evaluated. When male rats were then 

substituted as microsome source, the trouble was located. This 

phenomenon was then further examined. 

In this experiment, three incubation flasks were used. Each 

one contained 20 micrograms of different substrate, aldrin, hepta- 

chlor, or isodrin. The result was repeated with a different prepara- 

tion of microsomes from another female rat. The data was summa- 

rized in Table III, which shows that the epoxidase in female micro- 

somes was half as active as that from male rats in the metabolism of 
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Storage of Microsomes, Days 

Figure 5. The Effect of Prolonged Storage on Activity of Epoxidase. 

Experimental Conditions: The standard incubation mixture 
was incubated aerobically at a temperature of 37°C. with microsomes 
that were isolated from livers of male adult rats. Substrate concen- 
tration of aldrin was 20 micrograms. 
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TABLE III. Epoxidation of Aldrin, Isodrin, and Heptachlor by 
Liver Microsomes of Male and Female Rats. 

(Substrate level = 20 micrograms) 

Substrate Epoxides formed, µg 
Male Female 

Aldrin 

Isodrin 

Heptachlor 

13. 6 

12 

7. 5 

6 

6 

3 

TABLE IV. The Acute Oral Toxicity of Cyclodiene Compounds to 
Adult Rats (18, p. 88) 

Compound LD50 (mg /Kg) 
Male Female 

Aldrin 39 60 

Isodrin 15, 5 7, 5 

Heptachlor 160 162 

Dieldrin 46 46 

Endrin 17, 8 7, 5 

Heptachlor Epoxide 
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all three substrates. 

This was not the first study on the role of sex in the metabolism 

of foreign compounds. In 1956, Axelrod found the microsomes of 

male rats were more active than those of females in demethylating 

various narcotic analgesics (3, p. 322). On the other hand, Davidson 

reported that microsomes of female rats were more active in con- 

verting parathion to the toxic metabolite paraoxon (17, p. 203). In 

1958, Gertrude et al reported that when adult male and female rats 

were given hexobarbitone, the females slept about four times longer 

than males. The longer sleeping time was a result of a lower activity 

of hexobarbitone metabolizing enzyme (19, p. 132) . 

Toxicological Implication 

The cyclodiene insecticides have been referred to as toxicants 

throughout the entire dissertation. Their acute toxicities to male 

and female rats, Table IV, have been assembled by Gaines (18, p. 88). 

These data indicate that the toxicities of heptachlor, aldrin, isodrin, 

and their epoxides vary in an increasing order. It is unfortunate 

that the LD50 value of heptachlor epoxide is not given in Gaine's 

paper. However, it has been reported to be four times as toxic as 

heptachlor (16, p. 383). 

The epoxide metabolites of cyclodiene insecticides have been 

reported as causes of their toxicities. Using houseflies fed with 
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heptachlor, Perry demonstrated that the mortality was due to epox- 

ides formed. With houseflies fed with aldrin and isodrin under 

anoxia, Brooks showed that the knockdown time was related to 

dieldrin and endrin formation (12, p. 311). These observations 

indicate that the amount of epoxides formed in the body would be the 

determining factor in the toxicities of these compounds. 

According to the current study, the degree of epoxidation of 

cyclodienes changes with the compounds. The three activity curves 

in Figure 3 show that microsomes from male rat liver metabolize 

aldrin, isodrin and heptachlor in different degrees, with the conver- 

sion of aldrin being 2x and 1 1/2x that of heptachlor and isodrin 

respectively. These results help to explain the relative toxicities 

in Table IV. 

The results shown in Table III indicate that the epoxidase from 

female rat liver microsomes can convert only half as much of the 

three substrates as epoxidase from male rat liver microsomes. The 

different toxicities to male and female rats shown in Table IV may 

also be explained by the different capacities of these epoxidases 

from male and female rats. 

The importance of epoxidation in the mode of action of this 

group of compounds is well illustrated by the above comparison. The 

data also clearly show that the liver contains an epoxidative system. 
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Epoxidation as a Metabolic Step 

The metabolic fate of these insecticides is of wide interest in 

recent research. Indication of the possible metabolic breakdown of 

dieldrin itself was reported as early as 1953 by Kunze and Lang 

(23, p. 339), who were able to detect a toxic material different from 

the parent compound in both the kidneys and the urine of male rats 

fed dieldrin. Winteringham and Harrison in 1959 (31, p. 608), using 

a topical application of sulfur -35 analog of dieldrin on houseflies, 

detected unidentified metabolites of the compounds in both the body 

and the excreta of the insects. Cueto and Hayes in 1962 reported 

the detection of dieldrin metabolites in human urine (13, p. 366). 

These accumulated facts indicate that the epoxides of these cyclo- 

dienes are in some way further metabolized. 

During the course of the present investigation, attempts to 

locate other metabolites than the epoxides were unsuccessful Such 

products could have been present to the extent of 5 to 10 %, and if 

sufficiently polar, have escaped detection by the methods used. The 

failure to detect other products may also be due to a microsomal 

defficiency in the necessary enzyme. Such enzymes may be present 

in the soluble fraction, that is the supernatant, which was not studied 

here, 

As Boyland has suggested epoxidation could be the step prior to 
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hydroxylation and conjugation of aromatic hydrocarbons. In the case 

of cyclodienes, subsequent metabolism of the epoxides could produce 

water soluble constituents which could be excreted. Diol formation 

would be expected to be the next step in the metabolism of dieldrin 

and the other epoxides. The diol might then be excreted without 

further change or it might be conjugated with one of the endogenous 

materials known to be utilized in this manner. While these idéas are 

largely conjectural, there seems little doubt from the present work 

that epoxidation is an early, if not the first, step in the metabolic 

route. 
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APPENDIX 

1. Chart record of radiochromatogram of standard aldrin. 

2. Chart record of a radiochromatogram of aldrin and its metabolite, 

dieldrin, after incubation in standard reaction mixture. 

3. Chart record of a gas chromatogram of standard aldrin and 

dieldrin. 

4. Chart record of a gas chromatogram of aldrin and its metabolite 

after incubation in standard reaction mixture. 

5. Chart record of a gas chromatogram of standard heptachlor 

and heptachlor epoxide. 

Chart record of a gas chromatogram of heptachlor and its 

metabolite, heptachlor epoxide, after incubation in standard 

reaction mixture. 

7. Chart record of a gas chromatogram of standard isodrin and 

endr in. 

8. Chart record of a gas chromatogram of isodrin and its 

metabolite endrin after incubation in standard reaction mixture. 

6. 
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