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ABSTRACT

A study was undertaken to obtain a further quantification of 

the binding of dieldrin (1,2,3,4,10,10-hexachloro-6,7-epoxy-1,4,4a, 

5,6,7,8,8a-octahydro-T,4-endo,exo-5,8-dimethanonaphthalene) to sus

pected target and non-target proteins in vitro. Using a dialysis
36technique, the uptake of Cl-dieldrin was found to be a linear func

tion of the protein concentration. Uptake of dieldrin was most pro

nounced with, the nerve cord proteins from the laboratory rat (Rattus 

rattus) and the American cockroach (Periplaneta americana) An 

approximate three fold increase in the uptake of dieldrin over that 

of various bovine serum proteins was noted, suggesting a specificity 

to neural proteins.

To ascertain that dieldrin was binding to protein alone, the 

dialysates were treated with trichloroacetic acid; most the dieldrin 

was recovered in the precipitated protein fractions. Extraction of 

the dieldrin from the precipitated protein fractions suggested that 

weak bonds might be associated with dieldrin-protein complexes.

Based upon the apparent specificity to nervous tissue, it was 

concluded that binding of dieldrin to nerve protein is related to the 

mode of action of this insecticide.

x



REVIEW OF LITERATURE

The mode of action of the cyclodiene insecticides at the 

present time is unknown, although research in recent years has specu

lated that these insecticides somehow operate on the central nervous 

system (Giannotti, Metcalf, and March, 1956).

Pharmacological experiments on mammals employing insecticides 

were performed by a number of experimenters (Gowdey et al., 1952; 

Gowdey and Stavraky, 1955; Emerson, Brake, and Hinshaw, 1964; Reins, 

Holmes, and Hinshaw, 1964; Natoff and Reiff, 1967); In most cases, 

the effects induced by the insecticides aldrin, dieldrin, and endrin 

were caused by action directly on the central nervous system. Effects 

included increased reflex excitability, bradycardia, convulsions, and 

copious salivation.

Poisoning symptoms which appeared following topical treatment 

of Periplaneta americana (L.) with dieldrin include: latent period

lasting nine to thirteen hours for a four hundred microgram dosage 

of dieldrin; ataxia period of ten hours; severe convulsions for up to 

two days; and death (Yamasaki and Narahashi, 1958).

The action of aldrin and dieldrin appears to be upon the cen

tral nervous system, but unlike DDT, an absence of symptoms and 

activity is noted in isolated cockroach legs (Giannotti et al., 1956). 

LaLonde and Brown (1954), using DDT, methoxychlor, ODD, aldrin, and 

dieldrin showed a marked difference in the types of discharge evoked



crural nerve of P. amerlcana. They showed that DDT, DDD, and methoxy- 

chlor evoked well marked trains of repetitive discharge, while dieldrin 

and aldrin both evoked lower frequency and lower voltage trains of 

repetitive discharge following a two to four hour latent period. Wang 

and Matsumura (1970) found that neurotoxicity was a direct function of 

epoxidative rings present on the cyclodienes, but also determined that 

latent periods of up to thirty-five minutes existed before neurotoxicity 

could be established. These researchers, while postulating several 

possibilities for toxicity, offered no explanation for this latent 

period.

Hoping to delineate the mode of action of the cyclodienes in 

terms of ion exchange across the nerve membrane, Hayashi and Matsumura 

(1967) employed a voltage clamp technique, whereby the flux of ions 

across the membrane could be selectively studied at any preselected 

voltage potential. They found that the initial rate of ion exchange 

was increased, but following this period, sodium ions, accumulated in 

the dieldrin treated nerve cells while the influx of potassium ions 

decreased, a condition of hypocalcemia was also noted. Furthermore, 

there seemed to be no causal relation between this observation and 

mode of resistance .in the German cockroach.

Comparative studies between resistant and susceptible strains 

of the same species can sometimes be used to pursue the mode of action. 

Telford and Matsumura (1970), using the electron microscope, revealed 

that a likely mechanism of resistance to. dieldrin is the ability of 

resistant strains to accumulate less amounts of dieldrin. The
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morphology of the nervous system of resistant strains did not seem 

visibly different from that of susceptibles following treatment with 

dieldrin. In addition, the distribution of sublethal amounts of 

aldrin and dieldrin in susceptible and resistant strains of houseflies 

was such that in both strains the abdomen contained sixty-three per

cent of the insecticide or its metabolite (Gerolt, 1965); no attempt 

was made to study the occurrence of either of these insecticides in 

the fat body. Other researchers who studied the fat body of boll 

weevil found'no relation between fat body and insecticide distribution 

(Shipp and Brazzel, 1964).

The phenomenon of binding of cyclodiene insecticides in the 

cell membrane fraction of nerve cord homogenates was found to be,simi

lar to that observed with DDT (O'Brien and Matsumura, 1964; Matsumura 

and O'Brien, 1966a, 1966b). Using the sephadex column elution method, 

these researchers found that the DDT molecule was eluted down the 

column along with homogenates of nerve cord. A study by Hatanaka, 

Hilton, and O'Brien (1967), however, tended to disclaim the previous 

studies by Matsumura and O'Brien using sephadex. Hatanaka found that, 

while DDT does indeed pass through the column, the presence of emul

sifiers such as lecithin in the tissue extracts produced micelles of 

DDT small enough to pass through the sephadex filter. Also, tissue 

specificity of DDT does not appear to be great, because this insecti

cide also complexed with rat brain, liver, and muscle tissue.

Several researchers (Ray, 1963; Matsumura and Hayashi, 1969a, 

1969b; Telford and Matsumura, 1970, 1971) have demonstrated binding
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of dieldrin to components of the nerve cord in both the American and

German cockroaches. They have suggested that binding is related to

the mode of action of the insecticides. Telford and Matsumura (1970),
14seeking to determine the distribution of C-dieldrin in subcellular 

fractions, have shown that the greatest radioactivity was in the frac

tions containing the cellular membranes of cockroach nerve tissue.

In homogenates of cockroach head, an interstrain difference in suscep

tibility appeared to be causally related to the amount of dieldrin 

bound with, axonic cell membrane.

It has been noted that dieldrin does not exhibit specificity 

on the subcellular level. Matsumura and Hayashi (1969b) noted that 

dieldrin does in fact bind to such components as synaptic vesicles and 

some mitochondria. In marked contrast to the above study, however. 

Sellers and Guthrie (1971) found no evidence of isotopically labelled 

dieldrin in motochondrial tissue. They did, however, present evidence
3of localization of H-dieldrin in collagen-like fibers of neural lamella 

and nerve sheath of the neuropile.

After a review of the literature, it was apparent that what 

few studies had been performed lacked the depth and scope of a study 

to investigate binding. In view, of this, a new technique appeared to 

be needed to demonstrate and quantify in vitro binding in terms of a 

definite stoichiometric relationship between insecticide and neural 

tissue. In doing so, it was hoped that evidence of specificity to 

neural tissue might help elucidate the mode of action.
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No complete quantification of dieMrin binding to neural 

tissue has been performed. Therefore, I proposed to employ a simple 

technique, namely, dialysis, to study this binding. Dialysis has been 

employed to demonstrate binding of muscarone to particular fractions 

of homogenized Torpedo electroplax (O'Brien, Gilmour, and Eldefrawi,

1970), of nictoine to extracts of houseflies heads (Eldefrawi, Eldefrawi, 

and O'Brien, 1970), and of detergent to protein (Nelson, 1971). There

fore this same technique could be utilized to measure binding of diel- 

drin onto protein. Such a technique would enable me to obtain a further 

quantitative relationship and possibly provide information about tissue 

specificity, in the hope that this might shed light upon the mode of 

action of this insecticide.



MATERIALS AND METHODS

Isotope Studies 

The isotope employed was "^Cl-dieldrin [1,2,3,4,10,10-hexa- 

chloro-6,7-epoxy-1,4,4a,5,6,7,8,8a-octahydro-1,4-endo,exo-5,8-di- 

methanonaphthalene); it was obtained from the Shell Chemical Company 

and had a specific activity of 95.4 pCi/gm. To determine the solu

bility of dieldrin in insect saline solution, 10 ^M dieldrin in
-5 -5acetone was diluted with saline to obtain 7.5 x 10 , 5.0 x 10 ,

__ r r _ r
4.0 x 10 , 3 . 0 x 1 0  , and 10 molar solutions of dieldrin. These

solutions were centrifuged for five minutes at 500 rpm. The presence 

of a precipitate was noted in the vials containing 5 x 10 ^M or 

greater of dieldrin.

Experimental Animals 

Two species of animals were used in this investigation. The 

American cockroach, Periplaneta americana (L.) (Orthoptera: Blattidae) 

was reared on a mixture of honey, glycerin, and Gaines Dry Dog Chow 

(2;2:6, v/v), and an ample water supply. The laboratory rat (Rattus 

rattus, Sprague/Dawley strain) was fed Purina Lab Chow and given an 

ample supply of water. Both species were maintained in a constant 

temperature (70°F ± 5°) and low humidity rearing room, with 8:16 

hours light-dark cycle.

6
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Dissection of Homogenization of Tissues 

The spinal columns of the laboratory rats were excised, then 

carefully cut so as to remove the spinal cord from just posterior to 

the medulla to slightly posterior of the lumbrosacral enlargement. 

Following excision, three spinal cords were washed several times with 

insect saline, placed into a glass mortar with Teflon pestle, and 

homogenized in 7 ml of saline for ten minutes under ice. This crude 

homogenate was centrifuged for thirty seconds at 8000 rpm on a Sorval 

RC2-B automatic refrigerated centrifuge to remove large cellular 

debris, after which the supernatant was decanted and assayed for 

quantitative protein content. No attempt was made to characterize 

the nature of the protein.

The same procedure was followed for the homogenization of the 

ventral nerve cord of P. americana. Each nerve cord was excised from 

about the level of the second thoracic ganglion up to and including 

the sixth abdominal ganglion. Approximately eighty nerve cords were 

then homogenized, centrifuged, and assayed for protein.

Protein Determination 

The Lowry method (Lowry et ai., 1951) was used for the deter

mination of protein, with the following modifications: two ml of the

alkaline copper reagent and 0.250 ml of the Folin-Ciocalteu phenol 

reagent were used. The samples were allowed to stand for at least 

thirty minutes to allow for complete reaction, then read in a Hitachi 

Perkin-Elmer UV-VIS spectrophotometer. A standard curve was obtained
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by using an albumen and globulin protein Standard. All subsequent 

determinations of unknown protein used this curve (Figure 1).

Dialysis *

Dialysis tubing (1/4" diameter when filled) was obtained from 

the Union Carbide Corporation,, and cut into strips approximately eight 

inches long. To remove any metallic impurities, each strip was soaked 

for approximately four hours in 0.02M versenate (Hughes and Klotz, 

1956). The versenate was later drained off, the tubing rinsed in 

distilled water several times, and then boiled in distilled water for 

an hour to remove any sulfur residues. The casing was removed and 

soaked in saline for several hours.

Following this preparative step, each bag was stripped of any 

water, then tied off at one end. Five milliliters of sample protein 

solution were placed into the bag and the top was tied off with heavy 

cotton thread. The filled bags were placed into seventy-five ml test 

tubes containing 68.5 ml of saline and 1.5 ml of Cl-dieldrin in 

acetone (0.1622 yCi). The bags were allowed to stand for thirty 

six hours, during which time they were occasionally shaken. At the 

end of this time, two samples of one ml aliquot each from both the 

bag and bathing saline were taken counted in a liquid scintillation 

system and averaged together. Controls were run simultaneously; the 

procedure was the same as above except that no protein was present 

in the dialysate. Aliquots were taken and counted as above. Counts 

per minute from the control were subtracted from the gross counts



Ab
so
rp
ti
on
 

Un
it

s

9

0.80

0.60 _

0.40

0.20

10 20 30 40 50

Protein Concentration, mg/ml

Figure 1. Standard curve for the determination of protein con
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per minute of the protein dialysate, yielding net counts per minute 

as a measure of apparent dieldrin binding. All experiments were 

duplicated.

Various protein and homogenates were first segregated into 

type, protein content was assayed in each, then each type was diluted 

so that replicates of varying concentrations could be performed. All 

protein solutions were diluted in saline which minimized the Donnan 

effects. The following protein solutions were used:

1. Standard protein (59% albumen, 41% globulin) - Mayer and

Myles Laboratories, Allentown, Pennsylvania.

2. Bovine Serum Albumen - Sigma Chemical Co., St. Louis,

Missouri.

a. Fraction V. - plasma protein precipitated with ethanol.

b. Fraction V. - same as above, but pretreated with ether- 

hexane (1:1, v/v) before dialysis.

3. Tissue Homogenates

a. Rat spinal cord supernatant from 8000 rpm centrifuga

tion (3 cords/7 ml).

b. Roach ventral nerve cord supernatant from 8000 rpm 

centrifugation (~ 80 cords/7 ml).

Trichloroacetic Acid Precipitation

Trichloroacetic acid (TCA) will precipitate most proteins 

from solution (Grimbleby and Ntailianas, 1961; Gofman and Sayanova, 

1965; Fielding and Ryall, 1971). A protein precipitation on the
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dialysate might demonstrate that binding was occurring to protein, 

and also might lend a clue to the nature of the binding.

Additional one ml aliquots were taken from the dialysis bag 

with all protein samples and placed into scintillation vials. One 

ml of 10% TCA was added (final concentration of TCA = 5%); a cloudy 

white precipitate was observed. To be certain that TCA did not pre

cipitate dissolved dieldrin, the following control was run: one ml of

10% TCA was added to one ml of 10 Sd dieldrin in saline; the mixture 

was throughly mixed and allowed to stand for one hour. No precipitate 

was observed, indicating that dieldrin was not precipitated by TCA.

Each vial was centrifuged for ten minutes at 1000 rpm, then 

removed from the centrifuge with care taken not to disturb the pre

cipitate. The supernatant was removed from each vial and sampled for 

protein content. All vials (precipitate vials and supernatant vials) 

were then treated with ether-hexane (1:1, v/v) (Figure 2). After 

standing for an hour, the ether-hexane fraction was removed, placed 

into another vial, and all vials were placed under a dry air evaporator. 

The organic solvents were evaporated. Ten ml of scintillation cocktail 

were added to those vials free of water and containing no organic sol

vent. The vials with water residues were of two kinds: those con

taining only water, and those containing water with precipitated pro

tein. These were solubilized in the fluor according to the following 

procedure.
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Dialysis

1 ml aliquot

1 ml 10% TCA 
in H20

Centrifuge 10 min 
@ 1200 rpm

Protein Determination

Precipitate Supernatant

Ether-hexane Ether-hexane
(1:1, v/v) (1:1, v/v)

Protein Ether-hexane Wat er Ether-hexane
(P2) (S3)

Count Count Count Count

Figure 2. Flow sheet representing TCA precipitation of protein from 
dialysate.
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Scintillation Counting

The samples of precipitated protein were placed into scintil

lation vials, one ml of 2N sodium hydroxide was added to each, and the 

vial caps were loosely replaced. Digestion of the tissue was aided 

by- immersing the vial in a warm sand bath (115°C) for about two hours. 

Once the vials had cooled to room temperature, 2-2% ml of Beckman 

Ri.oSolve BBS-2 Were slowly added until a very clear solution was ob

tained. Fifteen minutes were allowed for the alkaline hydrolysate to 

react with the acid solubilizer, after which time two drops of 15% 

ascorbic acid were added as an antioxidant to reduce quenching. Ten 

ml of scintillation fluor (toluene and fluor only) were then added 

and the vials were placed into the scintillation counter. The toluene- 

based fluor was prepared by dissolving 8 g/1 of bulyl PBD (2-(4-t- 

butylphenyl)-5-(4"-biphenyl)-l,3,4-oxdiazole), and 0.5 g/1 of PBBO 

(2-(4-t-biphenyl)-6-phenylbenzoxazole) in analytical grade toluene 

(Newman, 1968).

For the aqueous solutions, one ml aliquots were taken and 

placed into scintillation vials containing ten ml of toluene-based 

fluor and 1.5 ml of BBS-3 (Beckman Instruments, Fullerton, California). 

Each vial was shaken vigorously, then allowed to stand for about one. 

half hour before being counted (Newman, 1968).

Samples were counted in a Nuclear-Chicago ambient temperature 

liquid scintillation counting system, model 6822, at an efficiency of 

66% for the isotope ^Cl. A confidence level of 90% or better for 

counts was maintained by counting the samples for twenty minutes or
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longer. A standard quench curve, obtained by employing a Ra ex

ternal standard, was determined (Rapkin, 1966). Ten ml of toluene- 

based fluor and 1.027 x 10  ̂qCi of activity (1.0 mg of "^Cl-dieldrin, 

95.4 yCi/gm) were added to each vial. Six vials received 100,200, 

400,800,1600 microliters of chloroform, a common quenching agent. A 

standard curve of external standard counts per minute versus percent 

of efficiency was plotted (Figure 3).. Counts per minute of samples 

were then divided by the overall efficiency to obtain disintegrations 

per minute, and thus, yM of dieldrin.
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percent efficiency of the Nuclear Chicago Liquid 
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RESULTS

Counts per minute of the control runs are listed in Table 1.

As seen in this table, counts were fairly consistent throughout the 

entire series (75 ± 7 cpm). Counts per minute of the bathing saline 

and subsequent conversion of milligrams of dieldrin as listed in Table 

2 show that the amount of dieldrin recovered was about 61% ± 7  of the 

total amount of dieldrin added. Part of the remainder of dieldrin 

moved into■>.the dialysate; the rest might have bound onto the dialysis 

bag.

In the other protein experiments, however, binding of the 

radiolabelled dieldrin could be plotted in a direct linear relation

ship against concentration of protein. Figure 4 represents nanomoles 

(nM) of bound dieldrin as a function of protein concentration. With 

relatively high concentrations of the albumen-globulin standard as it 

was varied over one order of magnitude (2.0 - 20.0 mg/ml), the evi

dence suggests that dieldrin binds to protein in the ratio of 0.534 nM 

of dieldrin per milligram of protein (Table 3). At 1 mg/ml, 4.20 nM 

of dieldrin bound to each milligram of protein (Table 4). Lower con

centrations of albumen-g1obu1in (0.5 - 1.5 mg/ml) did not produce 

counts per minute above the control.

Binding of dieldrin to the Fraction V. serum proteins was 

similar to that observed with albumen-globulin (Figure 4), The extent

16
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Table 1. Values of the control replicates in dialysis. Values are 
given in counts per minute per 1 ml sample. These values 
were subtracted from gross counts per minute of each sample 
taken from the dialysate.

^Each figure represents an average of three values of samples 
taken from the same dialysis bag.

Control for Protein Type

Albumen-globulin Fraction V. Rat spinal cord Roach nerve cord

85a 70 69
,

70

71 68 68

92 67

68

x = 75.2 
s = 9.6



Table 2. Recovery of dieldrin from bathing medium surrounding the dialysis 
bag. The total amount of dieldrin that was added before dialysis 
was 0.255 mg. All values shown represent averages of eight values.

^Represents average of four values.

Albumen-globulin Fraction V. Rat Spinal Cord Roach Nerve Cord
mg % mg % mg % mg %

recovered recovery recovered recovery recovered recovery recovered recovery

0.1323 52 0.1663 65 0.1603 63 0.1609* 63

0.1630 63 0.1309 51 0.1746 68  ̂-

x = 0.1554 61%
s = 0.0170 +7
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Figure 4. Jn vitro uptake of dieldrin onto bovine serum proteins as a function 
of protein concentration per 1 ml sample.
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"No significant difference at the 95% confidence level.



Table 3. Slopes of lines obtained from uptake of dieldrin as a function 
of protein concentration. Slope values (y = a + bx) form the 
ratio of uptake of nM of dieldrin per milligram of protein.

aNo significant difference at the 95% confidence level.

Fraction V.' :
AIbumen-g1obulin Fraction V. (ether-hexane) Rat spinal cord

Slope 0.534s 0.4226* 0.5112* 1.678

Variance
about x 1.07 1.5 0.808 2.0216



Table 4. Nanomoles of dieldrin bound per milligram of protein. Values are 
calculated from y = a + bx, where x = 1 milligram of protein per 
ml of solution.

^Determined from an average of two replicates (Table 10).

Fraction V. Rat
Albumen-globulin Fraction V. (ether-hexane) Spinal cord

nM
dieldrin
per mg 4.20 3.50 2,53 9.41
protein
@1 mg/ml

Cockroach 
Nerve cord

9.55*
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of binding was calculated to be 0.5112 nM of dieldrin per milligram of 

protein (Table 3). At 1 mg/ml, 3.50 nM of dieldrin bound to each milli

gram of protein (Table 4). The Fraction V. protein treated before 

dialysis with ether-hexane to remove any free lipids showed a similar

ity to the initial Fraction V. runs. The ratio of nM of dieldrin to 

milligrams of protein was calculated to be 0.4226 (Table 3). At 1 

mg/ml, 2.53 nM of dieldrin bound to each milligram of protein (Table 

4).

A statistical analysis.was performed on these protein runs to 

fit regression lines to correspond to the experimental values and to 

test for goodness of fit among the lines. ^A mean value for the slopes, 

of the lines was calculated to be 0.4892 at .the 95% confidence level.

The lines were then tested for closeness of fit to each other. The 

Fraction V. proteins (non-treated and pretreated with ether-hexane) 

had slopes of 0.4226 and 0.5112, respectively, and both could be rep

resented by one line having a slope of 0.4506 at the 95% confidence 

level. The regression line for albumen-globulin was found to be a 

separate and distinct line (see Appendix).

Dialysis of the neural tissue homogenates showed a pronounced 

increase in binding over that observed with the albumen-globulin 

standard and the Fraction V. protein. With the centrifuged rat spinal 

cord homogenate, the same linear relationship between binding and 

protein concentration was noted (Figure 5), except that dieldrin 

bound to a greater extent. An increase of 3.3 times (9.41 nM of 

dieldrin per milligram of protein) in binding was observed (Table 4;
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Figure 5. In vitro uptake of dieldrin onto nerve tissue homogenates 
by dialysis as a function of protein concentration per 1 
ml sample. Each point represents the average of three 
values from duplicate experiments. The line was fitted by 
regression analysis.

O Represents points obtained with the American cockroach 
nerve cord homogenates.
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Figure 6). Because only two replicates of a single concentration were 

run with the American cockroach nerve cord homogenate, a linear rela

tionship could not be obtained. However, the two points lie very near 

to the plot obtained with the rat spinal cord homogenate (Figure 6). 

Table 10 shows the amount of dieldrin bound per milligram of cockroach 

nerve protein to be an average, value of 9 .547 nM of dieldrin per milli

gram of protein.

Trichloroacetic Acid Precipitation

Table 5 reveals that the concentration of protein remaining 

in the supernatant after TCA precipitation of protein in the rat spinal 

cord homogenate was 0.337 mg/ml. This value represents 8% of the total 

protein not precipitated with TCA, i.e., 92% of the total protein was 

precipitated by TCA.

Tables 6-10 show recovery of dieldrin activity following pre

cipitation of protein with TCA. Little activity was recovered in the 

TCA supernatant. Activity was recovered, for the most part, in the 

precipitated protein fraction, where the percent of recovery ranged 

from 58% to 115% of total activity of dieldrin. Further treatment of 

the TCA precipitated protein with ether-hexane resulted.in the ex

traction of dieldrin activity into ether-hexane, but activity was not 

limited to the organic solvent portion. High recovery rates were 

evident in the organic solvent portion f°r all samples, but re

covery rates for the protein portion (P^) appear also to be relatively 

high. Disintegrations per minute of the protein (P^) portion of the
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Figure 6. The specificity of dieldrin binding between suspected target and non-target 
proteins as a function of protein concentration.
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Table 5. Recovery of rat spinal cord proteins in supernatant following 
precipitation with trichloroacetic acid.

Original Protein 
Concentration 

(mg/ml)

Amount Recovered 
in Supernatant 

(mg/ml)
Percent
Recovery

4.20 0.230 5.6%

4.20 0.405 9.6%

4.20 0.578 9.0%

x = 0.337 • 8.0%



Table 6. TCA precipitation of albumen-globulin proteins, showing the
recovery of dieldrin from various fractions.

^Procedure illustrated in Figure 2.
Given in nM of dieldrin, representing an average of four values. 
Percent of recovery based upon total bound dieldrin.

Total Bound , Recovery of Dieldrin9
Protein Dieldrin Precipitate Supernatant

Concentration nM ■ P . P2 ^3 ^4

2.0 4.536 1.809b (40)° 1.809 (40) . 0.1611 (3.5) 0.446 (10)

4.99 6.581 1.859 (28) 3.903 (59) 0.024 (.3) 0.0991 (.1)

8.93 8.153 2.837 (34) 3.642 (44) 0.297 (3.6) 0.173 (2.1)

Average Recovery (34%) (48%) (2.4%) (4.1%)



Table 7. TCA precipitation of Fraction V. serum proteins, showing the
recovery of dieldrin from various fractions.

^Procedure illustrated in Figure 2.
Given in nM of dieldrin, representing an average of four values. 
Percent of recovery based upon total bound dieldrin.

clTotal Bound Recovery of Dieldrin
Protein Dieldrin Precipitate Supernatant

Concentration nM P. P0 S„ S

2.19 2.665 0.1239b (4.6)° 1.896 (71) 0 (0) 0.0991 (3.7)

4.99 6.704 0.401 (6.9) 4.147 (62) oC; (0) ----—  —

9.99 7.473 1.033 (14) 5.841 (78) 0 (0) 0.0249 (.3)

14.99 9.295 1.648 (17.2) . 3.755 (40) 0.0247 (.2) 0.0247 (.2)

20.10 11.366 • 2.094 (18.5) 4.970 (43.7) 0 (0) 0.0247 (.2)

Average Recovery (12.2%) (59%) (0%) (1.1%)



Table 8. TCA precipitation of Fraction V. serum proteins pre-treated
with ether-hexane, showing the recovery, of dieldrin from
various fractions.

^Procedure illustrated in Figure 2.
cGiven in nM of dieldrin, representing an average of four values. 
Percent recovery based upon total bound dieldrin.

Total Bound Recovery of Dieldrin^
Protein Dieldrin Precipitate Supernatant

Concentration nM ' P PC,

1.97 2.404 0.111b (4.7)C 2.689 (HI) 0.0371 (1.5) 0.111 (4.6;

4.98 4.933 0.1611 (3.2) 3.953 (80) 0.371 (.75) 0.0371 (.75:

9.90 7.932 1.030 (13) 7.286 (92) 0.0249 (.3) 0.1870 (2.4;

15.0 9.09 1.550 (17) 7.911 (87) 0.0374 (.4) 0.062 (.7)

Average Recovery (9.4%) (92%) (.7%) (2.1%)



Table 9. TCA precipitation of rat spinal cord homogenate protein,
showing the recovery of diel rin from various fractions.

^Procedure illustrated in Figure 2.
Given in nM of dieldrin, representing an average of four values. 
Present recovery based upon total bound dieldrin.

Total Bound Recovery of Dieldrin3"
Protein Dieldrin Precipitate Supernatant

Concentration nM ■ P1 P2 S3 S4

1.0 8.34 i.oob (1)° 5.291 (63) 0.458 (5) 0.508 (6.1)

1.75 11.18 0,715 (6) 7.47 (67) 0.0371 (.3) 0.148 (1.3)

2.50 10.80 0.334 (3.1) 7.839 (72) 0.123 (1.1) 0.111 (.1)

Average Recovery (3.0%) (67%) (2.1%) (2.5%)



Table 10. TCA precipitation of American cockroach nerve cord homogenate
proteins, showing recovery of dieldrin from various fractions.

^Procedure illustrated in Figure 2.
Given in nM of dieldrin, representing an average of four values. 

^Percent recovery based upon total bound dieldrin.

Total Bound nM Dieldrin Recovery of Dieldrin3,
Protein Dieldrin per Precipitate Supernatant

Concentration nM mg Protein P^ ^2 ^3 ^4

0.43 4.1403 . 9.652 b c 0.0930 (2.2) 3.561 (86) 0.0495 (1.2) 0.1858 (4.4)

0.43 4.063 9.448 0.501 (12.3) 2.167 (53.3) 0.0371 (.9) 0.2415 (6)

X 9.549 (7.2%) (09%) (1.0%) (5.2%

31
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Fraction V. and Fraction V. pretreated with ether-hexane showed in

creasing cpm with increasing protein concentration (Tables 6 and 7) .

No such phenomenon was noticed with any of the other proteins or 

homogenatos.



DISCUSSION

Techniques

Two important considerations should be mentioned in regard to 

the studies with the isotope '^Cl-dieldrin. This isotope was a strong 

beta-emitter, having an emission energy of 0.712 mev (Weast and Selby, 

1966); thus, relatively high efficiencies could be obtained. Second, 

knowledge of the solubility of dieldrin in aqueous saline was essential 

to the performance of dialysis. The experimental value was 4 x 10 ^M. 

Had this solubility been on the order Of 10 or less, the dialysis 

could not have been conveniently performed with this isotope at the 

given specific activity; an isotope with a higher specific activity 

would have been required. Furthermore, Telford and Matsumura (1970) 

incubated nerve cord homogenates at 10 of dieldrin to demonstrate 

binding in their studies.

The Lowry method was not the only method considered for the 

determination of protein concentration. The method of Layne (1957) 

was attempted because of its convenience, but initial evaluation of 

the spectral absorbence of the rat spinal cord homogenate revealed 

that in the region where protein absorbence is measured (260-280 nm) 

some unknown substance was absorbing the light (Figure 7). Subsequent 

conversions to actual protein concentration would have been invalid.

The method of Lowry was used for. the determination of protein 

concentration because it was ten to twenty times more sensitive than
33
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Figure 7. Spectrophotometric analysis of the supernatants of the 
rat and cockroach nerve homogenates, showing dispropor
tionate absorption by the rat supernatant in the region 
260-280 nM by the Layne method of protein determination
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the Biuret test (Lowry et al., 1951). Because the method is specific 

for certain proteinated amino acids, namely tyrosine and tryptophan, 

protein determination was a function of the presence or absence of 

these two amino acids. Several researchers in recent years (O'Brien 

et al., 1970; Akera, Brody, and heeling, 1971; Bakula, 1971) have 

employed this method with confidence.

Binding of Dieldrin to Protein

There is evidence that dieldrin binds to protein alone; ex

traction of possible free lipids in the Fraction V. protein with ether- 

hexane and subsequent dialysis revealed that binding was similar to 

that observed with untreated Fraction V. and albumen-globulin protein 

(Figure 4). Furthermore, the similarity in slopes of dieldrin binding 

to both the albumen-globulin and Fraction V. serum proteins (Figure 4; 

Table 3) might suggest that similar binding sites are available in 

each type of protein per milligram of weight. It must b e pointed out, 

however, that the lines represented by each type of protein are similar 

but statistically different. The slopes of each line can be averaged 

at 0.4892 at the 95% confidence level, but each line is parallel to 

the other at the 95% confidence level. Fraction V. serum protein is 

composed of 95% albumen and 5% globulins (Cohn et al., 1946), while 

the albumen-globulin protein was composed of 59% albumen and 41% 

globulin. This would suggest that dieldrin is binding onto the albumen, 

globulins apparently having little to do with binding.

The uptake of dieldrin shown with the nerve cord homogenates 

(Figure 3) was approximately three times greater than that observed
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with the serum proteins (Figure 4). Because.the spinal cord is com

posed of large quantities of lipid and lipoprotein (Elliott, Page, and 

Quastel, 1962), the possibility exists that dieldrin binds to lipid or 

lipid moiety of lipoprotein.

A study by Matsumura and Hayashi (1969b), using an ultracen

trifugation technique to show binding of dieldrin to homogenates of 

rat and cockroach nerve tissue, pointed to a specificity in binding 

between the two animals. Essentially their method was as follows: 

incubation of homogenate with radio-labelled insecticide, centrifuga

tion, fractionation, and subsequent determination of protein. Each 

particulate fraction containing insecticide was treated with sodium 

taurocholate, subjected to brief centrifugation, then passed through 

a sephadex column. They showed that a specific difference existed 

between the amount of dieldrin bound to the various subcellular frac

tions of the rat and the roach homogenates.

Several remarks should be addressed to Matsumura and Hayashi’s 

study. They showed no specificity between non-target proteins and 

nerve homogenates. Their comparisons were between rat brain and 

cockroach nerve cord. Their data suggest that there is a specificity 

of binding between neural tissue of rat and cockroach, yet my data 

show no such specificity. Their work did not refer to a rate of uptake 

of dieldrin per milligram of protein, yet the values at which they 

arrive are higher than mine. They used a technique (sephadex column 

elution) which they admitted was questionable in studying binding of 

dieldrin to homogenates of nerve.
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• I " -The neural lamella of I\_ americana is composed of a collagen

like protein and mucopolysaccharides (Ashhurst, 1961); Sellers and 

Guthrie (1971) have shown that in houseflies thoracic ganglion silver 

deposits representing ^H-dieldrin in autoradiography, appear to follow 

the membranes surrounding the axons in the region of the neuropile; 

they also found that these silver deposits appeared to follow the 

collagen fibers constituting the majority of the neural lamella. In 

a similar study Telford and Matsumura (1971) reported that no visually 

recognizable differences in gross morphology between resistant and 

susceptible strains of German cockroach, Blattella germanica (L.), 

could be detected, but the resistant strain apparently accumulated 

less dieldrin in the nervous system. More important, dieldrin was 

shown to bind to axonic membranes at about 50% of the manifest total 

of dieldrin.

Precipitation of proteins with TCA was undertaken to determine 

first, whether binding was occurring, and second, to obtain some knowl

edge as to the nature of binding. Tables 6-10 reveal that ill vitro 

binding was occurring, and that by the very nature of the precipitation 

this binding was occurring onto protein. The possibility, however, 

that dieldrin bound to the lipid moiety of a lipoprotein was not 

eliminated. Again, the work of Sellers and Guthrie (1971) concerning 

dieldrin localized by autoradiography onto a structural component of 

the central nervous system, and the work of Telford and Matsumura 

(1971) localizing dieldrin on both neural lamella and axonic membrane 

of the central nervous system should be emphasized.
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Subsequent treatment with organic solvents revealed that what

ever bonds are formed appear not to be covalent. Since the dieldrin 

was recovered mostly in the organic solvent portion, it appears likely 

that binding is a function of the presence of hydrophobic end groups 

on the protein (Adams, 1971). Further work is necessary to determine 

the nature of these bonds.

Significance of Research 

Although researchers have, in the past, performed studies on 

the binding of dieldrin to nervous tissue, little has been reported 

concerning the role binding plays in dieldrin's mode of action. It 

was the object of this investigation to seek first, a quantification 

of binding, then second, to relate this binding to the mode of action.

Where does binding place dieldrin in relation to its mode of 

action? If there is to be any correlation, there should be some in

dication of a specificity in binding of dieldrin to neural tissue over 

that of dieldrin to non-target proteins. The study of dieldrin uptake 

versus protein concentration revealed that even though there was no 

difference in binding between the two types of nerve tissue, the nerve 

cord homogenates took up dieldrin three times greater than non-target, 

proteins, suggesting a specificity to nervous tissue.

The investigation into the mode of action of dieldrin remains 

the same: does this dieldrin protein complex disrupt the nerve mem

brane and interfere with the transmission of impulses? There is 

evidence of a latent period proceeding development of symptoms of 

neurotoxicity (Wang and Matsumura, 1970), which could account for a
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damping effect that the neural lamella produces during the latent 

period. That the nervous system is the major target of the dieldrin 

has been pointed out (Matsumura and Hayashi, 1969b), and since it has 

also been pointed out that dieldrin has been localized on axbnic 

membranes, it appears likely that the mode of action somehow involves 

the physiological disruption of the nervous system. The exact mech

anism of this disruption, however, cannot be postulated from my data 

alone. Even though it can be shown from my data that binding of 1 

riM of dieldrin to the nerve cord of one cockroach is approximately 

equivalent to the LD^q of the cockroach, such a comparison should not 

be made because no knowledge of the total fate of a topically applied 

dose of dieldrin exists. It does appear likely, though, that binding, 

however, related to the most of action, does play a distinct role in 

complexing the protein of the nervous system.



SUMMARY AND CONCLUSIONS

In order to show a specificity of dieldrin to suspected tar

get vs. non-target proteins, dialysis and protein precipitation of 

the dialysates were employed to study binding of dieldrin to protein. 

Precipitation of the proteins in the dialysates with trichloroacetic 

acid was employed to ascertain that dieldrin was binding to protein 

alone. Because dieldrin was found with, the precipitated protein 

fraction, it was assumed that the insecticide had bound to the pro

tein. Furthermore, treatment of the precipitated protein fractions 

with, organic solvents resulted in the extraction of the dieldrin 

from the precipitated protein fraction, suggesting that weak bonds 

might be associated with the dieldrin-protein complex.

Dialysis was employed to quantify binding of dieldrin to pro

tein. Dieldrin was found to bind to both bovine serum proteins and 

nerve cord protein as a linear function of protein concentration. 

Although similarities in slopes were observed between the non-target 

proteins, an approximately three-fold increase in the slope for the 

spinal cord was noted. At one mg/ml of protein, 9.5 nM of dieldrin 

had bound to each milligram of nerve proteins. Because in vitro 

uptake of dieldrin to nerve cord proteins was three times greater 

than that observed with bovine serum proteins, a specificity of 

dieldrin to neural proteins was suggested.

40
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Fraction V. serum proteins were pre-treated with ether-hexane 

to remove any free lipids, and subsequent dialysis demonstrated that 

binding of dieldrin was onto protein only. Binding of dieldrin onto 

the solution of albumens and globulins was the the same as that to 

Fraction V. serum proteins, which have reduced globulin content. The 

suggestion is that dieldrin was binding onto the albumen, globulins 

apparently having little to do with binding.

There is a possibility that a physiological disruption of the 

central nervous system could be a manifestation of changes wrought 

by the binding of dieldrin to various components of the nervous system 

of the cockroach. Based upon the specificity of dieldrin to protein 

of nervous tissue, it was concluded that the binding of dieldrin to 

these proteins is related to the mode of action.



APPENDIX A

Table 1. Regression analysis of individual proteins 
using the method of the least squares.

(Slope)
Protein Type n a b

Albumen-globulin 9 . 8 . 9 5  0.534

Fraction V. 5 7.50 0.4226

Fraction V. 4 6.08 0.5112
(ether-hexane)

Rat Spinal Cord 7 10.49 1.678

s

1.07

1.50

0.808

2.02

42



APPENDIX B

Table 2. Pooled estimate of variance of slopes of various 
serum proteins.

Protein Types n
Degrees of 
Freedom t(Calculated)

t(Table) 
S 0.95

Reject 
H=0

AIbumen-globu1in 
vs.

Fraction V.
14 10 1.2446 1.812 no

Albumen- g 1 obulin 
vs.

Fraction V. 
(ether-hexane)

13 0.1826 1.833 no

Fraction V.

Fraction V.
(ether-hexane)

0.6567 2.015 no



APPENDIX C

Table 3. Comparison of regression lines with respect to 
identity between lines. This test was applied 
to determine if the lines were the same (H=0)_.

Pooled Estimate Degrees of t(Table)
Protein Types of Slope n Freedom t(Calculated). @ 0.95

Albumen-g1obu1in
vs. 0.5013 . 14 11 16.51 1.796

Fraction V.

Albumen-globulin
vs. 0.5307 13 10 30.70 1.812

Fraction V. .
(ether-hexane)

Fraction V.
vs. 0.4506 9 6 0.7838 1.943

Reject 
H=0

yes

yes

Fraction V.
(ether-hexane)
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