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ABSTRACT

(R)Effects of Toxaphene-', a polychlorinated terpene insecticide,

were studied by a multidisciplinary approach on two cockroach species,

Leucophaea maderae (F.) and Periplaneta americana (L.). Toxaphene was

found to be slightly toxic to L . maderae and moderately toxic to P_.
36 'americana. Uptake of Cl-toxaphene in tissues of L_. maderae was

' ‘ 36studied from 2 to 120 hours. Greater accumulation of Cl-toxaphene on

a Pg/gm basis was found associated with the abdominal ventral nerve cord

(VNC) of L_. maderae than with haemolymph, fat body, and alimentary canal. 
36Cl-Toxaphene uptake was noted in/L. maderae VNC in vitro at levels

which were independent of incubation dose cone entrat ion. Substantial 
36amounts of Cl-toxaphene remained associated with VNC after rinsing. 

Radiolabeled material found in haemolymph of asymptomatic L̂. maderae 

appeared to be qualitatively different from toxaphene standards and 

also that found in symptomatic insect haemolymph based on gas chroma

tography. Cone entrat ion levels responsible for in vivo toxicity 

appeared to correlate with electrophysiological symptomology in VNC of 

P_.. americana. Intense forms of activity were observed in isolated nerve

preparations and in VNC removed from symptomatic insects treated with 
5 110 and 10 M toxaphene. Latent periods between introduction of 

toxaphene and onset of intense activity appeared to vary as a function 

of concentration.



INTRODUCTION

The mode of action of the chlorinated hydrocarbon insecticides 

is not known. Although it is generally accepted that these insecticides 

act on the nervous system, a precise site of action has not been defined 

(Metcalf 1955, O'Brien 1967, Brooks 1974). There is evidence that DDT 

(dichloro diphenyl trichlorethane,1,1,l-trichloro-2,2-bis(p-chloro- 

phenyl)ethane) and its analogues act on peripheral sensory nerves in the 

invertebrate (Roeder and Weiant 1948). The cyclodiene family of insec

ticides, e.g., dieldrin (1,2,3,4,10,10-hexachloro-6,7-epoxy-1,4,4a,5,6, 

7,8,8a-octahydro-l,4-endo,exo-5,8-dimethano-naphthalene), appears to

affect central neurons of both vertebrate's and invertebrates (O'Brien 
■ ' ®1967, Ecobichon 1970). Toxaphene'^ (C^gH^gClg), a polychlorinated ter- 

pene, is. believed to have a mode of action similar to the cyclodienes; 

although little of the structure and function of this extensively used 

insecticide is known (Soloway 1963, Busvine 1964, Brooks 1974).

Toxaphene (molecular weight (MW). 414.0), formerly 3956 (Hercules 

Powder Company, Wilmington, pel.), was found to have insecticidal prop

erties in 1947 (Parker and Beacher 1947). It is a complex mixture of at 

least 177 10-carbon components variously chlorinated from Cl^ to C l ^  

(Ohsawa et al. 1975). Two isolates from the mixture, heptachlorobornane 

(2,2,5-endo,6-exo,8,9,10-heptachlorobornane) (C^H^Cl^) and an octa- 

chloro compound (C^QH^Clg) were identified by Casida and his colleagues 

(Khalifa et al. 1974) as toxic components. The octachloro compound,

■ . . >  \  i : . ..



toxicant A, was found to be 14 times more toxic to mice and 4 times more 

toxic, when applied topically, to houseflies than technical grade toxa- 

phene. Heptachlorobornane, toxicant B, was found to be 6 times more 

toxic to houseflies than technical grade toxaphene. Casida and 

colleagues (Khalifa et al. 1974) speculated, based upon the combined 

acute toxicity of the isolates, that toxicants A and B contribute 

significantly or perhaps entirely to the overall toxicity of toxaphene.

Casida, Holmstead et al. (1974) reported.that approximately 

one billion pounds of toxaphene were used in the last 25 years for the 

control of crop and livestock pests. In combination with DDT, toxaphene 

proved to be most effective against a number of crop pests (Brooks 1974). 

A United States Department of Agriculture survey in 1964 revealed that 

these two insecticides represented 40% of the total insecticides used 

for that year (Brooks 1974).

Toxaphene is currently being used in combination with methyl 

parathion (0,0-dimethyl O-P-Nitrophenyl phosphorothioate) and trichlorfon 

(0,0-dimethyl 2,2,2-trichloro-1-hydroxy-ethylphosphonate) for control . 

of agricultural pests (Hercules, Inc. 1970). In Arizona toxaphene has 

been widely used first in combination with DDT, then in combination with 

trichlorfon and methyl parathion for cotton and alfalfa pest control • 

(Hercules, Inc. 1970). Its use in Arizona has increased from 48.3% of 

all chlorinated hydrocarbon insecticides used in 1968 to 83.6% in 1974 

(Kreader 1973, Gold 1975). The yearly amount (lbs.) of technical grade 

toxaphene used in Arizona has not increased since 1969 (Gold 1975).



In 1974, 2,031,700 lbs. of technical grade toxaphene were used, which 

represented 24.5% of all insecticides used for that year in Arizona 

(Gold 1975).

Toxaphene appears to resemble the cyclodienes in structure, 

toxicity (Soloway 1963, Busvine 1964), and mode of resistance (Brooks 

1974) in certain insect species. Because of the increasing number of 

pest insect species becoming resistant to toxaphene and its occurrence 

in milk of dairy cows (Bateman et al. 1953, Carter et al. 1953, Claborn 

et al. 1963, Zweig et al. 1963), it has become an insecticide of 

interest in regard to its biomagnification potential and its effect on 

nontarget animals (Casida, Holmstead et al. 1974). Understanding the 

mode of action of toxaphene is of considerable importance because of its . 

wide use in agriculture and resultant association with man. Beyond 

this, it— like the other chlorinated hydrocarbon insecticides--is a 

useful tool of neurobiology.

A number of theories have been proposed which have attempted to 

explain the mode of action of chlorinated insecticides (Martin and Wain 

1944, Lauger et al. 1946, Rogers et al. 1953, Gunther et al. 1954,

Mullins 1955, Riemschneider 1958, O'Brien and Matsumura 1964, Holan 

1969). These theories have been variously summarized in reviews by 

0 1Brien (1967), Metcalf (1973), and Brooks (1974). The more attractive 

of these have been the physiochemical theories of Mul1ins (1955), O'Brien 

and Matsumura (1964), and Holan (1969). They suggested that DDT asso

ciates with components of the nerve membrane either as a charge transfer 

complex (O'Brien and Matsumura 1964) or as a fitting within the pores of 

the membrane (Mullins 1955, Holan 1969). Insecticidal activity is then
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generated due to distortion of the membrane resulting in NA and K+

current imbalances and a retardation of the refractory period. This has

been described from the demonstration of an increase in the negative

after potential (NAP) as viewed e1ectrophysiological1y (Narahashi 1971).

No theory has been proposed for the mode of action of toxaphene. 

Shankland and Schroeder (1973) have hypothesized that the site of action 

for purified dieldrin is the presynaptic terminals of the cholinergic 

synapse. Shankland and Schroeder (1973) suggested further that the 

giant axon membrane of the American cockroach be eliminated as a possible 

site of action.

■ In accordance with structure and symptomo1ogy, insecticides 

such as the chlorinated hydrocarbons, have been classified in groups pre

sumably in reference to similar modes of action. The chlorinated insec

ticides are combined as a family and loosely divided among this unit as 

DDT analogues, lindane (y-BHC) (1,2,3,4,5,6-hexachlorocyclohexane), 

chlorinated terpenes, and chlorinated cyclodienes (Busvine 1964, O'Brien 

1967). The cyclodienes and lindane are believed to act on ganglionic 

cells because of cross resistance and symptomology (Gianotti, Metcalf, 

and March 1956; Busvine 1964).

Two known ganglionic poisons, nicotine (3-(1-methyl-2-pyrro1idyl) 

pyridine) and the organophosphate, parathion (0,0-diethyl O-p-nitrophenyl 

phosphorothioate), produced similar symptoms in the cockroach (O'Kane 

et al. 1933; Harvey and Brown 1951; Hopkins, Rao, and Ameel 1970).

After a short latent period, the American cockroach, Periplaneta 

americana (L.), and German cockroach, Blattella germanica (L.), developed



spasms, ataxia, and paralysis while taking on enough gas to greatly dis

tend . their abdomens . (O' Kane et al . 1933, Harvey and Brown 1951). The

Madera cockroach, Leueophaea maderae (P.), demonstrated the same 
extreme bloat in the foregut with a well-defined series of symptoms from 

parathion poisoning (Hopkins et al. 1970).

In contrast, axonic poisons such as DDT, produced tremors over 

the entire body of poisoned P. americana which precipitated uncoordinated 

movements of appendages resulting in supine prostration and death (Brown 

1963). The insect appeared desiccated with the muscles severely con

tracted (Hesiop and Ray 1959). DDT and methoxychlor (l,l,l-trichloro-2, 

2-bis(p-methoxyphenyl)-ethanol) increased oxygen consumption by approxi

mately half the value observed for lindane and the purified cyclodienes 

in By germanica (Harvey and Brown 1951).

Brown (1963), in a review of chemical injuries in insects, 

described the symptoms of poisoning for lindane and the cyclodienes. 

Poisoning of P. americana by lindane induced tremors followed by ataxia, 

convulsions, falling, and prostration. Lindane appeared to act so 

rapidly that certain symptoms may have been obscured. This perhaps ex

plains the observation of only spasms, paralysis, and death by Harvey 

and Brown (1951). The cyclodienes acted slowly, producing first ataxia, 

then convulsions, and a flaccid paralysis.

Gianotti et al. (1956) described the initial stages of dieldrin 

poisoning to be like that of DDT. Unlike DDT poisoning, the later 

stages of the dieldrin toxicity syndrome were marked by flaccid paralysis 

where affected cockroaches responded with leg movements after a light



touch of the antennae. There was a general lack of continuous high 

frequency leg movements terminating in rigid paralysis. They observed 

further that decapitation or severance of the ventral nerve cord (VNC) 

below the mesothoracic ganglion made no alteration in the toxic response. 

Peripheral effects were observed after treatment of severed mesothoracic 

leg nerves with DDT, but no effect was observed with aldrin (1,2,3,4,10,

10-hexachloro-l,4,4a,5,8>8a-hexahydro-1,4-endo-exo-5,8-dimethano- 

naphthalene) or dieldrin. High doses of aldrin and dieldrin did not 

demonstrate increased peripheral activity; The action of these cyclo- 

dienes was, however, antagonized by nicotine. From the evidence,

Gianotti et al. (1956) concluded that the cyclodienes, particularly 

dieldrin and aldrin, appear to affect the central nervous system (GNS) 

and that the ganglia of the VNC are the primary site of action.

The syndrome of toxicity for toxaphene appeared to be more like 

that of lindane than that of the cyclodienes (Harvey and Brown 1951).

In the German cockroach, Harvey and Brown (1951) observed a latent 

period of approximately 60 minutes before insects demonstrated exci

tation, spasms, partial paralysis, paralysis, and death. The pattern of 

oxygen consumption, together with symptomology, appeared to indicate an 

action similar to lindane but unlike the cyclodienes. Insects exposed 

to the cyclodienes lacked what Harvey and Brown (19.51) termed a period 

of excitation, spasms, and paralysis. Lindane, on the other hand, acted 

very rapidly. Insects showed spasms and then paralysis; there was no 

phase of observable excitation. Rates of oxygen consumption were much 

greater in insects exposed to purified compounds than in those exposed to
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technical grade material. Technical chlordane and purified a and g

chlordane produced similar symptoms in the German cockroach.

Toxaphene did not appear to be as active as. the cyclodienes 

(Soloway 1963). He suggested that this may be due in large part to 

purity of tested toxic components. He theorized that cyclodiene toxicity 

is dependent on the geometrical pattern of the insecticide, polychlori

nated positions, and double bond or electronegative atoms. The more 

active cyclodienes appeared to have two electronegative centers. Soloway 

(1963) concluded by suggesting that potency is a function of a physical 

interaction between electronegative centers and a biological site. To 

Busvine (1964) those sites appeared to be parts of a vital enzyme.

Busvine (1964) revealed somewhat of a paradox in toxaphene 

potency to the housefly. Toxaphene, like strobane (polychlorinated ter- 

pene) (C^qH^^CI^), lindane, and some cyclodienes, did not lose specific 

potency in relation to resistance at high doses. They remained toxic to 

homozygous resistant strains at high doses, which perhaps implied multi

ple modes of action affected at high doses. Although symptoms of poi

soning remained the same at high doses as with low doses for the same 

compounds, this paradox is most intriguing. In addition, the symptoms 

for cyclodiene compounds and lindane, while being unlike those for DDT 

poisoning, resembled parathion poisoning. Busvine (1964), however, 

expressed caution in evaluation of signs of poisoning from his obser

vation of apparent acute insecticide (lindane, cyclodiene or organo- 

phosphate) poisoning evoked by narcotic benzene (1,3,5-cyclohexodiene), 

chloroform (trichloromethane), naphthalene (C^^Hg), and paradichloro- 

benzene (1,4-dichlorobenzene) vapors.
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A number of insecticides, including toxaphene, were tested by.

Cochran (1955) to determine susceptibility differentials in the American 

cockroach. He described morbidity as a failure to exhibit locomotor 

activity. The lethal dose for 50% of the population (LD-50) at 96 hours 

for toxaphene, female 70 yg/gnumale 30 pg/gm, compared well with that 

for chlordane (1,2*4,5,6,7,8,8-octachlor-2,3,3a,4,7,7a-hexahydro-4, 

7-methanoindane) and was greater than all other insecticides tested. .

The American cockroach appeared to be most sensitive to dieldrin and 

lindane.

No study directed to the elucidation of a site of action or mode 

of action of a pharmacological agent would be complete without an 

evaluation of toxicity with the experimental organisms. The evidence of 

toxaphene toxicity from previous studies is meager at best. A concise 

definition of toxaphene symptomology with the test animals, together 

with patterns of time-based potency, would clearly aid in evaluating 

uptake of insecticides by selected tissues.

Due in large part to the physiochemical theories, particularly 

that of Mullins (1955), a number of studies were performed to determine 

a site of action by tracing the distribution and uptake of insecticides 

in the insect body. They were principally attempts to correlate uptake 

of insecticides by certain tissues and tissue components with symp

tomology. This was in accordance with a fundamental precept of toxi

cology that the effect of a chemical is a function of its concentration 

at the site of action (Loomis 1968).
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Contact insecticides, like chlorinated hydrocarbons, penetrate 

the cuticle and either translocate to a site of action via the haemo- 

lymph (Olson 1973) or through the tracheal system (Gerho.lt 1969). By 

injecting an LD-50 value of DDT and bypassing uptake by the cuticle, 

Cochran (1956) traced the distribution of the insecticide in tissues of 

the American cockroach. On a ug/gm basis, Cochran (1956) found that DDT 

was distributed generally throughout the insect; the amount recovered in 

the alimentary canal represented the greater percentage of the recovered 

dose in males. He did not assay the VNC or any other nerve tissue for 

uptake. He proposed that the general distribution of the insecticide 

might be due to its translocation in fat soluble components of the 

insect haemolymph.

Time of injection and the site of injection appear to be impor

tant factors which influence the distribution of insecticides within the

insect (Sun, Schaefer, and Johnson 1967). Using LD-50 values. Sun et al.
14(1967) studied the distribution of . C-dieldrin injected into the house

fly. An average of 1.5% of the applied dose was found concentrated about 

the CNS. The amount of uptake by the CNS did not appear to increase with 

time, but did increase with concentration. Uptake of ^C-dieldrin in 

the haemolymph appeared to decrease as a function of time. Sun and 

colleagues (1967) suggested that perhaps the total amount of insecticide 

at a site of action is not so important as absorption, partition, and 

metabolism; and that the percentage of the free toxic agent determines 

sensitivity over that which is bound to tissues.



10
Robbins and Dahm (1955), studying the distribution of DDT 

analogues in female ]?. americana for 72 hours, found highest accumula-
14

tions of C-DDT on a CPM/mg basis in foregut, hindgut, fat body, and 

feces. The brain and thoracic ganglion showed little accumulation of 

radioactivity, and accumulation in haemolymph was too low to report.

This study did not implicate the nervous tissue as a site of action, 

and no reference was made to the doses used as being representative of 

effective or lethal concentrations.

Ray (1963), studying dieldrin uptake with resistant and suscep

tible strains of German cockroach, found increased levels of unchanged 

dieldrin associated with nerve cords of .resistant Insects after topical 

treatment with increasing concentration levels of poison. ' The amount 

of uptake of dieldrin by the total tissues of both resistant and suscep

tible insects appeared to increase as a function of time. Resistant 

cockroaches that showed signs of poisoning appeared to accumulate less . 

dieldrin in nerve cords than susceptible cockroaches. Uptake seemed to 

decline as a function of time in resistant cockroach nerve cords.

Although the evidence of uptake by certain nerve tissue compo

nents by autoradiography appeared contradictory, there did seem to be

accumulation of radiolabeled insecticides about nerve tissue. DDT or a 
36Cl-compound was found associated with the cytoplasm of nerve cell 

bodies in VNC ganglia of the leech (Webster 1967). By a whole body 

radioautographic technique, Kuihara, Nakajima, and Shindo (1970) found
14C-lindane localized about CNS, brain, and ganglia. In the autoradio

graphs presented, high accumulation of labeled lindane appeared to be
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associated with abdominal VNC. Telford and Matsumura (1970, 1971), using

electron microscopic autoradiographic techniques, provided evidence of 
14accumulations of C-dieldrin in nerve tissue components of the German

cockroach. Electronmicrographs of selected sections of isolated
14abdominal VNC incubated with C-dieldrin in vitro showed greatest 

silver grain localization outside and within the axonic membrane (Telford 

and Matsumura 1971). After identification of fractions from homogenized
14brain and VNC incubated with C-dieldrin in vitro, Telford and 

Matsumura (1970) demonstrated localization of dieldrin mainly in cellu

lar structures. Certain fractions appeared to accumulate greater con-
' 14 'centrations of C-dieldrin, particularly those which were identified as

nerve ending particles.

In contrast to the above findings. Sellers and Guthrie (1971)
3 3and Coons and Guthrie (1972) found H-dieldrin and H-DDT localized 

about, connective tissue of the neural lamella of housefly thoracic 

ganglia and americana VNC. No label was found associated with nerve 

cell body•or glial cells.

Apparently there was interaction between nerve membrane compo

nents and chlorinated insecticides. Numerous studies performed by 

Matsumura and his colleagues (Matsumura and Hayashi 1966, 1969, Matsumura 

and O ’Brien 1966a, 1966b) have shown DDT and dieldrin binding or penetra

tion with whole intact and homogenized VNC and brain of the cockroach. 

This "binding" was described as an insecticide-nerve membrane-lipoprotein 

complex of a charge transfer nature with first order kinetic properties 

(Matsumura and 0 1Brien 1966a, 1966b). Binding of DDT and dieldrin to
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various fractions of homogenized rat brain and axonic portions of cock

roach VNC appeared to be similar (Matsumura and Hayashi 1969). Greater 

concentrations of labeled DDT and dieldrin were found associated with 

rat brain, myelin fragments, nerve.ending particles, and cell nuclei. 

Nicotine compared well with lindane and pthalin (1-cyclohexane-l,

2-dicarboximidomethyl 2,2-dimethyl-3-(2-methylpropenyl)-cyclopropane- 

carboxylate) with greater insecticide quantity in rat brain supernatant 

and myelin fragments. All insecticides, except nicotine, were bound in 

the nuclear fraction. Uptake in subcellular components of cockroach VNC 

axon and ganglia did not compare well with rat brain; greater concentra

tions of all the insecticides tested were found in supernatant and cell 

membrane fractions of the cockroach VNC.

Hantanaka, Hilton, and O ’Brien (1967) provided evidence which 

tended to refute the work of Matsumura and O'Brien (1966a, 1966b). They 

observed that complex formation was a function of techniques. It 

appeared that nonnerve tissue as well as detergent passed through sepha- 

dex columns in a similar manner as DDT-nerve homogenate complexes. 

Furthermore, binding, as indicated by sephadex column elution, was 

accomplished with nontoxic chemicals. It would then appear that the 

crucial role of complex formation with toxicants be considered relevant 

only if the toxic material was the only agent binding with target 

tissues.

Along these lines, there was evidence of DDT and dieldrin inter

action with target and hontarget lipoproteins (Barnola, Camejo, and 

Villegas, 1971; Jakubowski and Crowder 1973). DDT appeared to accumulate
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in nerve fiber plasma membranes where Barnola et al. (1971), using mono

layer spectrophotometries, found reductions in fluorescence intensity 

associated with DDT and apparently a lipoprotein structure of nerve cell

membranes. Using dialysis, Jakubowski and Crowder (1973) demonstrated 
14C-dieldrin interaction with neural protein above what was observed for

■

various hontarget proteins. They observed further that C-dieldrin 

binds to protein alone. /

A number of organochlorine insecticides have been found asso

ciated with cockroach haemolymph apparently binding to plasma proteins

and/or lipoproteins (Olson 1973, Skalsky and Guthrie 1975). Olson (1973) 
14found C-dieldrin associated with 3 sephadex resolvable peaks out of 5,

1 protein with a MW of 18,900 daltons and 2 larger closely resolvable

proteins (MW _> 160,000). This evidence was reinforced by Skalsky and
14 14Guthrie (1975) where. C-DDT and C-dieldrin were eluted with 2 pre

dominant peaks of 5 by ion exchange chromatography with DEAE-Sephadex 

A-50 (Pharmacia). The 0.4 M fraction was found to consist of 2 lipo

proteins by disc gel electrophoresis. DDT and dieldrin appeared to bind 

to one of these lipoproteins (MW 520,000). These studies raised a 

variety of questions expressed by Skalsky and Guthrie (1975): (1) Are

pesticides transported by specific proteins to specific sites of depo-; 

sition? (2) Does the binding of the pesticide to blood proteins inter

fere with transport of endogenous materials? (3) What effect does the 

pesticide have on the protein to which it is bound? In addition, the 

role of insect haemolymph has not been completely defined. Evidence of 

high levels of DDT uptake in cerebrospinal fluid of vertebrates
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(Morrison 1971) would, indicate a need to study nerve tissue and haemo- 

lymph interactions in insects.

A variety of neurohumoral substances were found in haemolymph 

associated with activated central nerve tissue (Frontali 1968; Gosbee, 

Milligan, and Smaliman 1968; Farley and Evans 1972). Haemolymph drawn 

from cockroaches demonstrating signs of stress from DDT intoxication, 

immobilization of the limbs, electrical shock and other stimuli, ad

versely affected insects and their nerve activity (Kearns 1956; Beament 

1958; Sternburg, Chang, and Kearns 1959; Sternburg 1963). Isolated VNC 

appeared to be particularly sensitive to haemolymph-born substance, 

factor "S" (Sternburg et al. 1959; Cook, DeLa Cuesta, and Pomonis 1969). 

Factor "S" was found associated with a variety of tissues, but was found 

in greatest quantity in electrically stimulated isolated nerve cords 

(Cook et al. 1969). It appeared that this substance was acutely synap- 

tically active and resembled a catecholamine (Cook et al. 1969), a non- 

cholinergic synaptic mediator (Flattum and Sternburg 1970), or a diuretic 

neurohormone (Casida and Maddrell 1971).

Direct effects of chlorinated insecticides on nerve tissues 

studied by electrophysiology seemed to indicate peripheral sensory 

influences associated with DDT (Roeder and Weiant 1946, Eaton and Stern

burg 1964) and central affects associated with the eyclodienes (Lalonde 

and Brown 1954, Wang and Matsumura 1970). Nerve tissue treated with 

chlorinated insecticides responded with repetitive discharges (Yeager 

and Munson 1945, Roeder and Weiant 1948, Lalonde and Brown 1954, Wang 

and Matsumura 1970). These discharges can be modified by controlling
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certain ion concentrations in the medium bathing the nerve (Gordon and 

Welsh 1948, Narahashi and Yamasaki 1960). Giant axons of cockroach VNC 

have shown DDT influenced repetitive discharge in response to a rise in 

the negative after potential (NAP) (Narahashi. and Yamasaki 1960). Nara

hashi and Yamasaki (1960) observed a reduction in the NAP with a rise 

in external potassium concentration and NAP augmentation with reduced 

concentrations of K+ in the bathing medium. From this evidence, Nara

hashi and Yamasaki (1960) suggested that DDT acts on the cockroach nerve 

membrane by suppressing potassium conductance, thus accelerating the 

falling phase of the action potential (NAP).

Hayashi and Matsumura (1967) found that dieldrin influenced ion 

exchange between nerve tissue of B_. germanica and the external medium. 

Dieldrin appeared to stimulate sodium and calcium ion exchange, but not 

potassium ion efflux across the membrane. This activity appeared to be 

correlated with symptoms of poisoning.

There is strong evidence that dieldrin acts on cholinergic 

synaptic junctions rather than nerve membranes (Shankland and Schroeder

1973). Dieldrin increased ganglionic activity. Ganglia blocked by an 

inhibitor of choline transport (hemicho1inium-3) did not respond to 

dieldrin, but did respond as predicted to nicotinic and muscarinic 

cho1inomimetics. Shankland and Schroeder (1973) hypothesized that 

dieldrin acts by releasing presynaptic stores of acetylcholine (ACh).

Lalonde and Brown (1954) observed dissimilar actions for a ( 

vareity of insecticides on sensory nerves of P. americana isolated from 

the CNS. Dieldrin induced repetitive discharge of short trains of low
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voltage spikes (50 yv) which increase in frequency as a function of 

time. Following a latent period of 3 hours, toxaphene generated 100 yv 

spikes at a frequency of 180 spikes/see. for 30 rain, after which all 

activity ceased. A 5-hour latent period preceded expression of chlor- 

dane neurotoxicity. Lindane was effective 1 hour after treatment and 

produced 2 to 4 50-100 yv spikes in short intervals.

Wang and Matsumura (1970) observed toxaphene neurotoxicity in 

B_. germanica after a 14-minute latent period. Toxaphene appeared to be 

more highly neurotoxic (threshold concentration 6 x 10 M) than in vivo 

toxicity indicated. Dieldrin was found to have a relatively high neuro-
_7toxicity (threshold concentration 1 x 10 M) after a latent period of 

35.2 minutes.. Dieldrin neurotoxicity compared well with in vivo toxicity

Electrophysiology is sensitive enough to measure the function of 

the nerve and small amounts of chemically-induced damage. However, the 

elucidation of the mode of action of chlorinated insecticides must be 

sought through a multidisciplinary approach (Narahashi 1971, Brooks

1974). In that vein, a complete story on how toxaphene affects insects 

and their CNS appeared necessary. This study was a composite of five 

independent experiments. The aim was to determine if toxaphene had an 

effect on the CNS of two species of cockroach, americana and 

L. maderae. It was approached by examining three fundamentals of toxi

cology: (1) dose response relationship and symptomology, (2) trans-

location of the chemical.in vivo and in vitro, and (3) demonstration of 

chemically-induced damage (Loomis 1968).



METHODS AND MATERIALS

Chemicals

Technical grade toxaphene (polychloroterpene) (.C^gH^QClg) ,.

obtained from the Hercules Powder Company, Inc. (Wilmington, Del.),
36Cl-toxaphene (batch sample X18276-11, specific activity 42 yCi/gm and 

nonradioactive material (batch sample XI6189-49), were used in these

investigations. Solutions in mineral oil were prepared serially from a
-1 ' ' •10 M toxaphene in acetone stock.

Experimental Animals 

Adult male cockroaches (2-6 weeks postfinal molt), Leucophaea 

.maderae (Fabricius) (DictyopterazBlattidae) and Perlplaneta americana 

(Linnaeus) (Dictyoptera:Blattidae) were chosen, for study. They were 

reared on a mixture of honey, glycerin, and Purina Dry Dog Chow (2:2:6, 

V/V) and an ample water supply. Colonies of each species were main

tained separately in 5-gallon battery jars in a rearing room (22-23°C, 

70% relative humidity, and a 12:12 light-dark cycle).

Dissection

Insects were anesthetized with CO^ prior to dissection. They 

were sacrificed by removing the head, legs, and wings. A mid-dorsal 

incision was m&de the entire length of the body. The body was placed on 
a petri dish embedded with paraffin and pinned open, dorsal side up, . 

exposing the haemocoel.

17
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Tissues were removed and weighed in the following order: ali

mentary canal, abdominal fat body, and ventral nerve cord (VNC) (second 

to the sixth ganglion inclusive). VNC used for electrophysiology were 

promptly cleared of fat body and tracheae and placed in Narahashi saline 

(Yamasaki and Narahashi 1959).to recover from dissection shock. When 

haemolymph was needed, it was collected by the method of Sternburg and 

Corrigan (1959) prior to dissection.

Evaluation of Toxicity

To evaluate the toxicity of toxaphene, the effective dose for 

50% of the population (ED-50) and LD-50 determinations were made using 

P_. americana and .L. maderae. Insects were isolated by pairs in pint 

Masoi^ jars and allowed to adjust to the environment without food or 

water for 24 hours' prior to experimentation.

The cockroaches were anesthetized with CO^, weighed, and injected 

between the third and fourth abdominal tergites with a 27-gauge needle. 

Injection punctures were sealed with paraffin.

Twenty P . americana,. used as controls, were injected with 

0.02 cc mineral oil in relation to the highest test dose level, 828.0 ug 

toxaphene in 0.02 cc mineral oil. Nine dos.es, 20.7 to 828.0 ug toxa

phene, were tested using 10 insects for each dose with 2 replicates.

L. maderae controls were injected with 0.20 cc mineral oil 

corresponding to the highest test dose level of 8.28 mg toxaphene in 

0.20 cc mineral oil. There were 13 test doses, 0.21 yg to 8.28 mg 

toxaphene,.administered. There were 4 replicates of 10 insects each.
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including controls for each time (24-120 hours). Injected animals were 

returned to their confines and observed for symptoms of poisoning.

Radiometric Measurements

Samples were prepared for radioassay in 10 ml toluene-based 

fluor (Appendix A). Radioassay was performed using a Nuclear Chicago 

Model 6822 ambient temperature liquid scintillation spectrophotometer. 

Samples were counted for 10 minutes and averaged for counts per minute 

(cpm) giving a confidence level of about 90%. Counting efficiencies 

were determined by the external standard method. Standard quench curves 

were prepared for each trial from control samples and blanks 

(Appendix A). Nitromethane was used as the quenching agent.

Penetration of Toxaphene in VNC

Isolated VNC of L. maderae were incubated with 0.5 ml of a con-
-7 — 2 36centration (10 to 10 M) of Cl-toxaphene in the center well of

Warburg flasks. Three VNC were used at each concentration, and their

weight determined before and after incubation. Three controls (0.5 ml

mineral oil) accompanied each of the 6 replicates and were incubated at

25r270C for 24 hours with constant agitation.

Following incubation VNC were removed from the flasks and taken 

through a series of 4 rinses in 1.0 ml Narahashi saline: rapid rinse of 

0-5 sec., 100 sec., 10 ffiin., and 20 min. Rinse volume was reduced by 

air evaporation, then together with material remaining in the flasks, 

was solubilized with 5.0 ml N C ^  (Amersham/Searle). VNC were homogenized 

in 5.0 ml ground glass tissue grinders with 1.0 ml NCS until a clear



homogenate was formed. The homogenate was transferred to clean scin

tillation vials, and the tissue grinders were rinsed 4 times with 1.0 ml 

aliquots of NCS. . The samples were then prepared for radioassay.

Distribution of Toxaphene in Tissues in Vivo
■ 36 .Distribution and uptake of Cl-toxaphene by selected tissues

of _L. maderae were studied by incubating an injected dose of 175.6 yg in

0.05 cc mineral oil over time in vivo. This dose was determined by
_2radioassay of 0.05 cc 10 M toxaphene in mineral oil (N=110). Two sets 

of 6 controls were prepared: insects injected with 0.05 cc mineral oil,

and insects not injected but anesthetized with COg. Following an incu

bation period of 2, 4, 6, 8, 12, 24, 48, 72, 96, and 120 hours, tissues 

were removed from asymptomatic (N=40, each assay period) and symptomatic 

insects (N=40). Haemolymph was obtained by centrifuging insects at 650 

rpm for 1 minute in a method similar to that described by Sternberg and 

Corrigan (1959). The haemolymph obtained (approxiamtely 1 ml) was 

solubilized.with 2.0 ml NCS in the collecting centrifuge by vigorous 

agitation. After dissection, fat body, alimentary canal, and VNC were 

homogenized with 2.0 ml NCS in 5.0 ml ground glass tissue grinders. 

Samples were then prepared for radioassay.

Gas chromatograms were prepared from tissue extracts to deter

mine if the radiolabeled material found associated with the tissues was 

toxaphene or a metabolite (Fig. 1). Haemolymph was obtained as above, 

but centrifuged in tubes containing 0.2 ml H^O so that clumping could be 

avoided. After dissection, alimentary canal, fat body,.and VNC were 

homogenized in 0.1 ml H^O per mg of tissue and then transferred to



CENTRIFUGE 
Insect for 10 minutes at 650 rpm 

to obtain Haemolymph

1 ml aliquot of haemolymph

Add 1 ml acetone, agitate 
1 min.

Dissect and remove tissue

Homogenize in 0.1 ml H^O/gm 
tissue

Add 0.2 ml H O ,  agitate 
1 min. . .

Add 5.0 ml ethyl ether, 
agitate 5 min.

Wait 1 hour

Add 0.25 ml acetone/gm tissue, 
agitate 1 min.

Add 10 ml ethyl ether, agitate 
5 min.

Wait 1 hour

Separate for Scintillation 
and gas chromatography

Separate for Scintillation 
and gas-chromatography

HgO layer

Dry to - ■
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Figure 1. Flow sheet representing preparation of tissues; haemolymph; 
abdominal ventral nerve cord (2nd to 6th ganglion), 
alimentary canal, and fat body for radioassay and gas 
chromatography.
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centrifuge tubes. The tissues were vigorously agitated for approximately 

1 minute in 1.0 ml acetone to lyse the cells. The volume was brought to 

5.0 ml by adding ethyl ether. Aqueous and apolar layers were separated 

and removed to scintillation vials after 2 extractions. Aqueous layers 

from 48 tissue samples, representing 6 asymptomatic and 11 symptomatic 

JL. maderae at 120 hours, were prepared for radioassay. Apolar layers 

from tissues (N=80) of 6 asymptomatic and 4 symptomatic cockroaches were 

prepared for radioassay. Both layers were air dried to 0.25 cc prior to 

solubilization in NCS.

Gas chromatography (GC) was performed in a Tracor MT220 gas 

chromatograph by electron capture using a 0V17-QF1 column (isothermal 

temperature 170°C) with a gas flow rate of 60 ml N^/minute, and oven and 

port temperatures of 180°C and 235°C respectively. Gas chromatograms,

4 each of each tissue, were made from 32 apolar tissue extracts of 16 

asymptomatic and 16 symptomatic cockroaches. In addition, 5 gas chromato

grams were made from the feces of asymptomatic insects prepared in like 

manner to alimentary canal, fat body, and VNC.

Electrophysiology of Isolated VNC

E1ectrophysiological studies were performed using an extra

cellular suction electrode system (Florey and Kriebal 1966). Glass 

capillary tubes, fashioned to approximate the outer diameter of a length 

of VNC, were used to achieve contact with a Ag-AgCl electrode through a 

tight junction with intracapillary saline (Fig, 2). A Ag-AgCl rod,

0.5 mm in diameter and 3.0 cm long, was used as the indifferent electrode.
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Figure 2. Block diagram of instrumentation used in detection and processing of extracellular
bioelectrical signals from americana and maderae abdominal ventral nerve cords.
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VNC were bathed in Narahashi saline (pH 7.1, 22-24°C) perfused through a 

4 x 6 x 2 cm Plexiglas well at the rate of 1.0 ml/minute.

Nerve activity was observed on a Tektronix type 5103 dual beam 

storage oscilloscope amplified by a Grass P-5 amplifier. Frequency and 

bursts of spikes were measured using a Tektronix DC-502 frequency 

counter. Spike and burst intervals were measured on a Mentor N-750 

spike analyzer. Oscillographs were taken of activity periods throughout 

the testing procedure.

Specimens were observed for spontaneous activity before pharma

cological tests were made. Forty insects were tested in all, 20 controls 

and 20 tested for toxaphene effects. Controls were observed for up to 

8 hours to clearly determine effects generated from preparation and

those induced by mineral oil and toxaphene. Mineral oil and toxaphene
■ : -8 ' ' -1 '(10 to 10 M) were introduced by injecting 0.05 cc in close proximity 

to VNC. Mineral oil was introduced before testing the", effects of toxa

phene. Activity of VNC was observed from the time of dissection until 

pharmacological, tests were concluded.

Toxaphene was tested in a stepwise manner, beginning with lowest 

concentrations first. Observations of activity were made for at least 

2 hours with each concentration. VNC which demonstrated neurotoxicity 

to a particular Concentration were studied until activity waned. Con

centrations which did not show overt effects, i.e., increases in fre

quency and spike amplitude, were excluded from further study.

• Analysis of the effects of toxaphene on VNC was made by comparing 

controls with various concentration levels of toxaphene. Latent periods.
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times between the introduction of a chemical and the onset of neural

sensitivity, were used as criteria for analysis, together with spike .

frequency and amplitude generated during particular phases of the

testing period

Analysis of Data

Data analysis was performed at The University of Arizona 

Computer Center. LB-50 and ED-50 values were obtained by probit 

analysis procedures of Finney (1952). Three statistical program pack

ages were employed: (1) Biomedical Computer Programs (BMD) (Dixon

1974), (2) Statistical Package for the Social Sciences (SPSS) (Klecka, 

Nie, and Hall 1975), and (3) Statpack Statistical Package (STP)

(Houchard and Meagher 1974). STP was used for rapid analysis of data 

just after conclusion of experimentation. The description and tabulation 

(Class D) programs 2D and 5D of BMD were used to analyze and plot data. 

SPSS condescriptive scattergram and one way analysis of variance 

programs were used for general data processing.

SPSS programs condescriptive derived means, standard deviations, 

and other descriptive statistics from the uptake and distribution data. 

Scattergram, a linear regression package, was used to determine R values 

and plot symptomology dose data and analyze time-based relationships of 

uptake and symptomology, spike amplitude, and frequency. One way 

analysis of variance was used to determine normality of Log 10 based 

transformed distribution data after frequency distribution analysis and 

Kolmogorov-Smirnov goodness of fit tests.



RESULTS

Measurement of in Vivo Toxicity 

Potency of toxaphene was categorized by the method of. Loomis 

(1968) into 6 ranges: (1) extremely toxic (1 yg/gm or less), (2) highly

toxic (1 to 50 yg/gm), (3) moderately toxic (50 to 500 yg/gm),

(4) slightly toxic (0.5 to 5 mg/gm), (5) practically nontoxic (5 to 

15 mg/gm), and (6) relatively harmless (more than 15 mg/gm). Toxaphene 

was found to be moderately toxic to P̂. americana at 24 hours and slightly 

toxic to L. maderae from 48 to 120. hours (Table 1) . A 24-hour LD-50 for 

L. maderae was not obtained. Doses of 0.21 and 2.07 yg/insect had no 

effect on either cockroach species, At higher doses (207.0 to 828.0 yg/ 

P_. americana and 2.90 to 8.29 mg/L. maderae), symptoms of poisoning 

became apparent often within 24 hours after injection.

Tarsi of the metathoracic legs of poisoned insects were curled 

and sensitive to tactile stimulation. This sensitivity caused a severe 

impairment to locomotion. Only the forelegs functioned effectively by 

pulling the remainder of the body along as though it were paralyzed. 

Evasive behavior was impaired to such an extent that stimulation of the 

cerci, which normally causes frantic retreat to shelter, resulted in 

little more than a lowering of antennae and feeble walking gestures with 

the legs. Often struggling insects, in attempts to move away from a 

stimulus (e.g., photo or tactile), raised themselves with their meta

thoracic legs only to fall on their dorsum. They then continued to move

■ . ■ ■■.. /  ze : '  : ; .■ ■■ ■ .



Table 1. Measurements of in vivo •toxicity in L. maderae (24-120 hours) and P. americana (24 hours).

L. maderae

Time
Hours

LD-50
Vg/gm

Margin of 
safety*3

ED-50
Pg/gm

SC Regres
sion Ac ■ ,value

SC Regres
sion V value

Index of 
tolerancef | e value

. 24 NDa NDa 1891.8 0.60 0.75 1.56 0.92 NDa NDa

48 , 2382.4 6.39 1362.1 0.75 . 0.76 1.89 0.93 10.56 0.93

72 1629.3 7.91 827.1 0.75 0.76 1.70 0.85 13.51 0.99

96 1093.6 7.54 581.6 0.74 0.73 1.59 0.78 1.91 0.99

120 740.6 8.12 299.5 0.74 0.77 1.32 ' 0.73 8.72 0.99

P. americana

: 24 124.4 8.35 57.3 1.34 0.95 NDa NDa 5.50 0.97

a'Not determined. ,
Margin of safety = 10-slope of the regression line from LD-50 dose response plots. 
^Sensitivity coefficient from regression A (dose range 0.21 ng-8.28 mg/insect).
Sensitivity coefficient from regression B (dose range 0.21 mg-8.28 mg/insect). 

^Coefficient of determination (expression of strength of relationship).
Slope of regression line fALD 30-90).

. (AED 30-90



their legs vigorously in an apparent attempt to find a surface. Insects 

in this supine position, if unable to resume a normal prone posture, 

would eventually take on a convulsive attitude with the abdomen arched 

in the shape of an "S." Cockroaches showing these effects of poisoning 

were recorded as prostrate with leg movements, symptom number 1.

P_. americana displayed symptom 1 at 24 hours when poisoned with 2.07 

to 41.4 ug toxaphehe/insect {Fig. 3). At 24 hours, 2.07 to 3.31 mg 

toxaphene/insect were necessary to elicit symptom 1 with L. maderae 

(Fig. 4) . By 120 hours 207.0 ug toxaphene/insect were capable of pro

ducing Symptom 1 with jL. maderae (Fig. 5).

Symptom number 2 was recorded for insects displaying slight 

tremors of the labial palps, antennae, and abdomen while on their dorsum. 

Insects in this prostrate condition responded to tactile stimulation by 

making slight contractions of the abdominal sternites or clasping the 

stimulating instrument with their forelegs. They made no attempts to 

return to a normal prone posture. Examinations of insects in this phase 

of the poisoning syndrome showed regular but slowed contractions of the . 

dorsal vessel (heart). There was no distention of the alimentary canal 

from either fluids or gases. • Electrophysiological recordings of trans

missions from abdominal VNC showed endogenous activity (Fig. 6). At 

24 hours P. americana suffered from the effects of symptom 2 with .

124.2 to 207.0 yg toxaphene/insect (Fig. 3). Rather large doses of 

toxaphene, 3.73 to 8.28 mg/insect were necessary to show effects of 

symptom 2 with L. maderae at 24 hours (Fig. 4). At 120 hours' 2.48 to 

3.31 mg toxaphene/insect generated symptom 2 in L. maderae.
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Figure 3. Sensitivity of _P. americana to toxaphene at 24 hours.
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Figure 6. Oscillographs of neuroactivity observed from abdominal 
ventral nerve cords removed from _P. americana.
A. Symptom 2
B. Symptom 3



Cockroaches that appeared to be dead were recorded as moribund, 

symptom 3. They did not respond to tactile stimulation, and examination 

of heart activity showed either slowed and irregular rates or total 

absence of heart activity. ' Nerve transmission could, however, be 

observed with fresh VNC (Fig. 6).

Moribundity in P. americana was induced after 24 hours with high 

concentrations (207.0 to 828.0 yg/insect) of toxaphene (Fig. 3). Symptom 

3 was not expressed by L. maderae even after 24 hours (Fig. 4). At 48 

hours 8.28 mg toxaphene/L. maderae produced symptom 3 (Fig. 7). Mori

bundity was not induced in L̂. maderae by 72 hours (Fig. 8). A range of 

doses (2.90 to 8.28 mg toxaphene/insect) was capable of producing mori

bundity in L. maderae at 96 hours (Fig. 9). By 120 hours 828.0 yg 

toxaphene/insect produced moribundity in L. maderae (Fig. 5).

Insects injected with an effective dose eventually died, there 

was no recovery. An effect was judged as an expression of any one of 

the 3 symptoms. Effective doses were approximately half the lethal doses 

for both cockroach species (Table 1). At 24 hours the ED-50 for 

P_. americana was 2.42 mg/gm less than for L. maderae (Table 1). At 120 

hours the ED-50 for L. maderae was 299.5 ug/gm, approximately 141.5 yg/gm 

greater than the dose used to study uptake by selected tissues in vivo.

R. americana was hypersensitive to toxaphene at 24 hours (Fig. 3). 

Sensitivity was judged from the slope of the regression line, sensitivity 

coefficient (SC), correlating intensity of response, sensitivity quotient 

(SQ), to the Log of the dose +1 (Loomis 1968). The SQ was taken as a 

measure of each of the symptoms: one, two, or three, multiplied by the
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Figure 7. Sensitivity of .L. maderae to toxaphene at 48 hours.

Regression line A represents sensitivity over the entire range of doses; 
regression line B represents sensitivity at doses generating overt symptoms. 
Each point represents a symptom at each treatment dose.

•Regr. A = (y=0.74x-l.53)
•Regr. B = (y=l.89x-6.48)
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Figure 8. Sensitivity of .L. maderae to toxaphene at 72 hours.
Regression line A represents sensitivity over the entire range of doses; 
regression line B represents sensitivity at doses generating overt symptoms. 
Each point represents a symptom at each treatment dose.

— Regr. A = (y=0.74x-l.28) •— Regr. B = (y=l.70x-5.44)
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Figure 9. Sensitivity of JL. maderae to toxaphene at 96 hours.
Regression line A represents sensitivity over the entire range of doses; 
regression line B represents sensitivity at doses generating overt symptoms 
Each point represents a symptom at each treatment dose.
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ratio of the number of insects responding for that symptom, and divided 

by the total insects sampled, as expressed by (symp. 1(# symp. 1/# total 

symp, (1+2+3) )=SQ). The SC for P_. americana was 1.34 indicating a rapid 

rate of increase in sensitivity as the dose was increased (Fig. 3). An 

SC of 0.75 would be predicted if the rate of increase in the SQ was 

proportioned to the increase in the Log dose +1. Any population 

responding with an SC below 0.75 was considered hyposensitive. Hyper

sensitivity was judged from SC values above 0.75. A maximum SC of 3.00
■ - ' V • ■

would show a vertical distribution where the lowest dose would produce 

the most severe symptom, moribundity.

An interesting relationship in L_. maderae sensitivity was ob

served from 24 to 120 hours (Table 1). L. maderae appeared to be hypo- 

sensitive to toxaphene over the full dose range as derived from regres

sion A, but hypersensitive from 0.21 mg (3.32 = Log dose +1) to 8.28 mg 

(4.92 = Log dose +1) per insect from regression B. The SC values from 

regression A for jL. maderae differed greatly from P. americana but 

appeared to be comparable from regression B (Table 1). L. maderae 

appeared to be less sensitive to toxaphene than P_. americana at 24 hours 

when the SC value from regression A was considered, but more sensitive 

when the regression B SC value was compared.

At 24 hours the SC for L. maderae from regression B was 1.56, an 

increase over the SC from regression A of 72.1% (Table 1). L. maderae 

appeared to he most sensitive to toxaphene at 48 hours as shown by SC 

values from both regressions. SC value from regression A did not vary 

greatly as a function of time with the maximum (0.75) recorded at



48 hours. All SC values from regression A were significant with co

efficients of determination, R values, greater than 0.70 (Table 1). 

Regression B SC values declined as a function of time in direct relation 

to respective R values.

It appeared that L. maderae was more tolerant to toxaphene than 

. JP. americana. This is expressed by the index of tolerance (Table 1).

The index of tolerance compared the lethal effects of toxaphene with 

symptoms of toxaphene poisoning (Loomis 1968). It was the slope of the
(a l d)regression line calculated by regression analysis at the variousiAEDI

times. The insect population was considered tolerant to toxaphene when 

the index of tolerance values was greater than 1.0. Progressive insect 

intolerance to toxaphene was expressed by values near 1.00 where the 

change in the lethal dose equaled the change in the effective dose.

This implied that the proportion of symptoms observed was dominated by 

morbidity and that the lethal dose was identical to the effective dose.

A value less than 1.00 would imply that the dose necessary to elicit an 

effect was greater than the lethal dose, which would be quite meaningless. 

L. maderae appeared to be more tolerant at 48, 72, and 120 hours than at 

96 hours when there was an expression of near intolerance (index of 

tolerance = 1.91). The regressions were significant as indicated by the 

.coefficient of determination for each index of tolerance (Table 1).

The margin of safety increased with time for L/ maderae and was 

always less than that for P. americana at 24 hours (Table 1). The mar

gin of safety is an expression of the rapidity with which a drug affects 

a population of animals over a dose range (Loomis 1968). It is 10 minus



the slope of the regression line derived from probit analysis in prepar

ation of the dose response plots (Appendix B). A drug which would act 

very quickly on a particular population might be expected to have a 

greater slope of the regression line and a lower margin of safety than 

a less effective drug. A low margin of safety would indicate a more 

precise site of action if the chemical agent demonstrated moderate to 

extreme potency. At 96 hours the margin of safety was greater than at 

72 and 120 hours coinciding with differences observed in the index of 

tolerance at that time.

The ED-50 for L̂. maderae (Fig. 10), like the LD-50 (Fig. 11) , 

declined as a function of time. Large doses were necessary to produce 

an effect early. Lethal dose ranges remained relatively constant from 

48 to 120 hours (Fig. 11). The lowest ED-50 was found at 96 hours for 

L. maderae (Fig. 10).

36Uptake of Cl-Toxaphene 
in Tissues of L . maderae

Distribution of radiolabeled material in haemolymph, VNC, fat 

body, and alimentary canal varied considerably over time (Table 2).

This variability is expressed in the subset groupings for each assay

period as derived from analysis of variance of uptake for each tissue
■ ' V- 36 "(Table 2). Uptake (yg/gm Cl-toxaphene) by these tissues Was trans

formed to Log 10 functions in order to smooth the arithmetic poisson 

distribution. Uptake between assay periods was considered significantly 

different by analysis of variance.
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Table 2. Mean and standard error of radiolabeled material (ug/gm) found in tissues of
L. maderae assayed 2 to 120 hours after intra-haemocoel injection of 175.59 yg 
3Gci-toxaphene per insect.

Time
tours) Haemolymph Subset0 VNC Subset Fat Body Subset

Alimentary
Canal Subs el

2 : 7.7± 1.0 b 790.8+118.6 de 194.8+ 3.0 ■ • d 228.4+20.2 c •

4 133.1+ 21.8 c 1325.7±202.4 - e 163.4±24.3 b 441.8±38.0 ef

6 . 892.4±146.5 ] e . 309.2±105.0 a 13.0+ 3.6 a 201.6+42.8 a

8 2.2± 0.2 a 121.7+ 13.3 b 299.1±34.4 d 254.5+24.7 c

12 249.4± 13.9 e 375.1± 65.8 be 110.2± 0.2 c 109.91 6.2 b

24 125.6± 36.4 cd 342.7+ 54.3 b 174.1+23.3 . c 184.6111.7 ’ c .■
.48 6.1± 1.3 ab 2232.3+551.4 de 200.1+10.6 d 112.91 4.6 b

72 ; 230.1± 65.0 cd 370.0± 59.3 be 286.7±16.0 c 553.2+40.2 f

96 45.4± 4.4 cd 368.9+ 43.5 cd 114.7+ 0.5 ' d 311.81 0.5 de

120* 54.8± 9.0 d 193.7+ 13.5 be 251.6+14.0 d 260.5112.2 cd

120b 588.7± 92.7 e 253.3± 47.3 b 305.8+16.2 d 324.31 1.7 def

3.^Asymptomatic insects. -
Symptomatic insects.
Grouping of mean uptake at each assay period into subsets according to mean variance among groups 
and subsets by Student-Newman-Kuel's procedure (range level T = 0.05). 42



There appeared to be statistical differences in mean uptake of
36G1-material between tissues at the various assay periods. This was V 

expressed by the least significant difference (LSD) between mean tissue 

uptake at the 2.5% point of the t-distribution with degrees of freedom 

extended to infinity («>).

At 2 hours of incubation, the radiolabeled material was found in 

greatest concentration (pg/gm) about the VNC (Table 2). There was ah 

increase in uptake in VNC at 4 hours, a decline in uptake at 6 hours.

The 6-hour decline in accumulation in the VNC was accompanied by an

increase in uptake in the haemolymph. There was also a decline in accu

mulation in fat body and alimentary canal at 6 hours.

At 8 hours there was, a marked decline in accumulation in haemo

lymph and an increase in uptake in fat body and alimentary canal. From 

12 to 48 hours the greatest amount of uptake was found associated with 

the VNC, with a peak uptake at 48 hours. - At 72 hours the greatest 

accumulation of radiolabeled material was found associated with the ali

mentary canal. At 96 hours the greatest concentration of radiolabeled 

material was found about the VNC.

L, maderae that did not demonstrate symptoms of poisoning.at
; ■ . : .• • • 36 . ' . ' : -

120 hours accumulated greater amounts of Cl-material in alimentary

canal as compared to mean uptake in haemolymph, VNC, and fat body

(Table 3). This was also expressed in the percentage of the recovered

radiolabeled material in alimentary canal and the percentage of the

applied dose found associated with alimentary canal.



Table 3. Uptake (mean and standard error) and distribution in vivo of radiolabeled material in 
tissue samples collected from symptomatic and asymptomatic L. maderae assayed at 120 
hours after intra-haemocoel injection of 175.59 Ug ^°Cl-toxaphene per insect.

Asymptomatic Insects
Tissue Weights Radiometric Measurements

Tissues Mean Mass % of Body Mean Uptake b °0 Distribution of
Radioassayed mg Mass a yg/gm % Recovery Applied Dose0

Haemolymph 25.0+4.0 1.93±0.33 54.8+ 9.0 2.4+0.4 0.4210.09
VNC 2.0+0.0 0.18±0.01 193.7+13.5 1.6+0.1 0.2610.02
Fat Body 27.0+2.0 2.09±0.13 251.6+14.9 22.8+1.9 3.8210.27
Alimentary

Canal 91.0+4.0 6.93±0.29 260.5+12.3 73.212.1 12.9910.60

TOTAL 145.0 11,13 760.6 100.0 . 17.49

Symptomatic Insects
Haemolymph 54.0±5.0 4.12+0.37 588.7+92.7 44.6+3.4 11.7411,42
•VNC 2.0+0.0 0.19±0.01 253.3±47.3 2.110.5 0.46+0.10
Fat Body 16.0+1.0 1.20±0.04 305.8±16.2 15.8+1.9 2.8910.23
Alimentary

Canal 47.0+4.0 3.56+0.31 324.3±1.8 37.512.5 8.5010.71

TOTAL 119.0 8.77 1472.1 100.0 23.59

^Mean and standard error of percent tissue mass of insect live body mass (1.310 gm).
Mean and standard error of uptake of total recovered radiolabeled material (pg/tissue sample).
°Mean and standard error of uptake of the applied dose (175.59 pg).
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Symptomatic insects accumulated greater amounts of radiolabeled 

material, in haemolymph as compared to the other tissues (Table 4). Sig

nificant differences were observed between uptake in tissues of symptom

atic and asymptomatic L̂. maderae; although uptake in certain tissues,

VNG, fat body; and alimentary canal, was grouped in subsets by Student* 

Newman Kuel’s Procedure at the 0.05 range level (Table 2). This would 

indicate that the difference in mean variance is less for groups within 

the sub,set than between subsets, arid that uptake in those tissues from 

asymptomatic insects can be grouped with uptake in the tissues of 

symptomatic insects.
36Over the entire incubation period 33.3 ± 1.0 pg Cl-material

or 18.9 ± 0.5% of the injected dose of 175.59 pg toxaphene were recovered
■' 36.in the tissues studied. The greatest percentage of the recovered Cl-

material was found in the alimentary canal (52.5 ± 1.27%) (Table 4).

This amounted to 10.8 ± 0.56% of the applied dose. VNC accumulated

1.51 ± 0.15 pg of radiolabeled material which represented 0.86 ± 0.087%

of the applied dose, the lowest of the four tissues studied.

Radiolabeled material found associated with VNC, fat body, and
36alimentary canal appeared to be qualitatively similar to Cl-toxaphene

by gas chromatography (Fig. 12). Apolaf extracts (hexane soluble layer) 
36of Cl-toxaphene from the tissues of asymptomatic insects showed large

concentrations associated with the alimentary canal and fat body
36(Table 5). There was no Cl-toxaphene found associated with the 

aqueous layer of VNC, but substantial amounts were recovered in the 

apolar layer..



Table 4. Uptake and distribution (mean and standard error) in vivo of radiolabeled material in
tissue samples collected from combined symptomatic and asymptomatic adult male L. maderae 
assayed from 2 to 120 hours after intra-haemocoel injection of 175.59 yg 3f>Cl-toxaphene 
in mineral oil per insect.

Tissue Weights Radiometric Measurements

Tissues
Radioassayed

Mean Mass 
mg

% of Body 
Massa

Mean Uptake 
yg/gm % Recovery*1

^Distribution 
of Applied Dose0

Haemolymph 58.0+4.0 4.44+0.31 212.7+21.5 19.8+1.4 3.70+0.32

VNC 3.0+0.0 0.22+0.01 607.5162.9 4.810.4 0.86+0.09

Fat Body 37.0+1.0 2.8010.08 192.61 6.6 22.9+0.9 3.5910.18

Alimentary
Canal 71.012.0 5.4210.13 271.81 9.4 52.5+1.3 10.8110.56

TOTAL 169.0 12.88 1284.6 100.0 18.96

^Mean and standard error of percent tissue mass of L. maderae live body mass (1.310 gms). 
Mean and standard error of percent uptake of the total recovered radiolabeled material 
(yg/tissue sample).

CMean and standard error of percent uptake of the applied dose (175.59 yg).

46
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Figure 12. Gas chromatograms of apolar extractables from tissues of the 
cockroach L̂. maderae.
A. Haemolymph, asymptomatic; B. Haemolymph, symptomatic;
C. Alimentary canal; D. Excreta, treated; E. Excreta, 
control; F . Toxaphene, standard.
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Table 5. Fractionation of radiolabeled material (mean and standard error
Wg/sample) in tissue extracts of asymptomatic and symptomatic
adult male L. maderae assayed 120 hours after intra-haemocoel
injection of 175.59 yg 36ci-toxaphene in mineral oil per 
insect.

Asymptomatic Insects

Tissue
Hexane soluble layer 

yg/samplea .
Aqueous soluble layer 

yg/sample^

Haemolymph 0.78+1.18 0.1810.05

VNC 0,26+0.22 0.0010.00

Fat Body 7.16+4.41 2.0210.12

Alimentary Canal 29.7617.44 4.80+0.16

. TOTAL 37.96 7.00

Excreta 0.6810.09 0.8210.08

Symptomatic Insects

Haemolymph 24.77112.24 1.5110.52

VNC 0.0410.04 0.00+0.00 .

Fat Body 3.19+2.46 1.9511.34

Alimentary Canal 11.3216.82 4.2611.54

TOTAL 39.32 7.72

^Radiolabeled material separated by extraction into hexane soluble 
blayer.
Radiolabeled material separated by extraction into aqueous layer.
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Radiolabeled material recovered in haemolymph of asymptomatic 

insects appeared to be qualitatively different from the toxaphene stan

dard (Fig. 12). The later resolvable peaks associated with increased 

chlorine content (Casida,-Holmstead et al. 1974) appeared to be 

reduced or lost. A large predominant peak not observed in toxaphene 

standards was resolved in haemolymph apolar extracts of asymptomatic 

insects sacrificed at 120 hours. This peak was not observed in chromato

grams of other tissues, including haemolymph of cockroaches demonstrating 

symptoms of poisoning at 120 hours (Fig. 12). The hexane soluble layer 

from asymptomatic and symptomatic insects contained the greater pro

portion of radiolabeled material as compared to the aqueous layer 

(Table 5). This appeared to be true of all the tissues studied.

There were greater amounts of radiolabeled material found in 

hexane soluble layers of tissues of symptomatic insects than asymptom

atic insects. This was Consistent with uptake in unextracted tissues
- ' 36taken from these insects (Table 3). Approximately 13% less Cl- 

toxaphene was found in hexane soluble fractions in VNC of symptomatic 

insects.

Percent of uptake in isolated VNC studied in vitro appeared to 

decline as a function of incubation concentration (Fig. 13). There was 

proportionately more uptake of Cl-toxaphene in VNC incubated in 10 M
36 . ■Cl-toxaphene in mineral oil than at higher concentrations before and 

after rinsing. Rinsing appeared to substantially reduce the amount of
36 • ■ - r  ;Cl-toxaphene associated with VNC (Fig. 13). A certain proportion, 

greater than 2.0% of the incubated dose, appeared to remain associated
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with VNC incubated at each concentration (Fig. 13). The final rinse

"■ 1 36
was found to contain less Cl-toxaphene (ug/sample) than that recovered 

in VNC incubated in 10-4, lO-3, and 10-2M 36Cl-toxaphene assayed after 

the final rinse (Table 6).
; 36Rinsing appeared to remove Cl-toxaphene in greatest concen-

' ' ' ' ' _ 3

tration in the initial rinse (1-5 sec.) from VNC incubated in 10 and
2 (

10 M toxaphene (Fig. 14). Subsequent rinses appeared to remove less
36 ' __3 -2 ' "Cl-toxaphene, although at concentrations 10" and 10" M, the percent

36of Cl-toxaphene remaining in VNC declined as a function of continued
_5 _4 36rinsing. VNC incubated in 10 and 10 M Cl-toxaphene appeared to

retain a greater percentage of the initial, amount associated through
, 3

the first rinse (1-5 see.), but then lost greater amounts than 10 and
_210 M incubated VNC through subsequent rinses.

Measurement of Neurotoxicity 

There were three periods of endogenous or spontaneous activity 

observed with P. americana. Period,1 was characterized by strong 

activity which followed immediately after VNC contact with the electrode 

and lasted an average of 4 min. 35 sec. This vigorous activity was 

observed for all ]?. americana VNC and consisted of spike bursts or 

trains of high amplitude spikes (49.5 MV) generated at an average fre

quency of 27.1 Hz (Pig. ISA). This vigorous form of endogenous activity 

gave way to Period 2 consisting of variable nerve activity after a 

brief interlude (1 min. 57 sec.) of baseline activity where no spikes 

were observed above noise interference in the oscilloscope trace.



Table 6. Uptake and recovery (yg/sample) of Cl-toxaphene in VNC of JL. maderae before and 
after rinsing in 1.0 ml Narahashit s cockroach nerve saline.

Incubation 
Concentration 
(0.5 ml)

Uptake 
in VNC . 
Before 
Rinsing

Recovery 
in Saline 
Rinse 
1-5 sec.a

Recovery 
in Saline 
Rinse , 
100 sec.

Recovery 
in Saline 
Rinse 
600 sec.C

Recovery 
in Saline 
Rinse , 
1200 sec.

Uptake 
in VNC 
After e 
Rinsing

_510 M 
(2.07 yg) 0.61±0.13 0.1010.02 0.1910.02 0.11+0.03 0.1210.03 0.088+0.025

i o"4m  
(20.7 yg) 1.87+0.21 0.3610.02 0,6510.07 0,57+0.07 0.0610.01 0.21910.037

io" 3m
(207.3 yg) , 5.23±0.21 2.6410.03 1.3110.11 0.2810.02 0.2210.02 0.99510.031

o
10" M
(2073.0 yg) 46.37±1.58 17.3810.40 7.8110.31 4.8410.60 2.0310.09 14.30410.170

o,VNG rinsed in saline for approximately 1-5 sec. following incubation.
VNC rinsed in saline for approximately 100 sec. following 1-5 sec. rinse.
jVNC rinsed in saline for approximately 600 sec. following 100 sec. rinse.
VNC rinsed in saline for approximately 1200 sec. following 600 sec. rinse.
eVNC assayed for uptake after 1200 sec. rinse.

UlK)
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Oscillographs of endogenous activity observed from -isolated 
ventral nerve cords ·of P. americana. 
A. Vigorous activity observed after electrode contact, 
period 1; B. Activity variable in spike amplitude and 
frequency, period 2; · C. Bursts or trains of spikes, 
period 2. 
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Period 2 lasted 2 hrs. 56 min.. from conclusion of period 1 to

the onset of period 3. Single spikes of variable amplitudes- and fre

quencies (Fig. 15B) and bursts or trains of spikes of constant ampli

tudes and frequencies (Fig. 15C) were observed throughout the period.

As can be seen in Table 7, activity changed in intensity and pattern of 

occurrence.

Approximately 2 hrs. 40 min. 12 sec. after VNC electrode contact, 

activity became reduced to baseline levels. Controls studied for 

strictly endogenous activity showed that period 3 was one of baseline 

activity and that there was no resumption of period 2 type activity. 

Pharmacological testing began with P. americana VNC 55 min. 42 sec. into 

period 3.

. Mineral oil did not appear to have an effect on P. americana 

VNC activity unless it was tested prematurely, before period 2 gave way 

to period 3. In that case, activity much like that observed during 

period 2 was generated by VNC exposed to mineral oil approximately 2 hrs. 

24 min. 36 sec. after VNC-electrode contact. Controls tested an average 

of 3 hrs. 11 min. 24 sec. and 4 hrs. 46 min. 48 sec. after VNC-electrode 

contact did not show any increase in activity. Controls exposed to 

mineral oil were observed an average of 1 hr. 34 min. 8 sec. Toxaphene 

was tested immediately after control exposure.

Toxaphene modified endogenous activity from P. americana VNC at 

concentrations 10 ** to 10 "*"M. The most evident demonstration of neural 

sensitivity was a display of intense activity shortly after introduction 

of toxaphene (Fig. 16A). This intense activity was characterized by



Table 7. Measurements of endogenous bioelectrical activity from external electrophysiological 
preparations of isolated abdominal ventral nerve cords (2nd.r.6th ganglion inclusive) 
of the cockroach P. americana.

Stage
°f aActivity

Mean 
Spike 

, Frequency 
Duration (Hz)

Spike
Frequency

Range.
(Hz)

Mean
Spike

Amplitude
(MV)

Spike
Amplitude

Range
(MV)

Form
°f c Activity

Period 1 11 min. 13 sec. 27.1 ' 6.0- 65.1 31.9 14.5-49.4 arhythmic

Period 2 11 min. 14 sec. 10.0 4.0- 39.5 17.9 4.7-42.3 arhythmic
27 min. 58 sec. 94.2 16.0-149.6 18.1 4.7-56.4 intense
7 min. 58 sec. 0.0 0.0 0.0 0.0 baseline
7 min. 30 sec. 39.5 -- ■ 56.0 rhythmic

32 min. 26 sec. 0.0 - 0.0 - - baseline
38 min. 13 sec. 39.5 - 63.5 rhythmic
49 min. 15 sec. 8.4 0.0- 17.3 18.3 0.0-56.4 arhythmic

Period 3 52 min. 49 sec. 0.0 - 0.0 ■- baseline

^Qualitative delineation of neuroactivity according to measurements.
Average time elapsed in recording corresponding measurements of neuroactivity.
^Generalized expression of neuroactivity form: spikes of varying amplitude and frequencies
(arhythmic), trains or bursts of spikes uniform in amplitude and frequencies (rhythmic), 
audible activity of large spikes generated at high frequencies (intense), spikes observed 
over noise interference in the oscilloscope trace.
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20 MV
10 MSec.

i

Oscillographs of activity observed during treatment of 
isolated abdominal ventral nerve cords of P_. americana 
with toxaphene 10“^M(0.21yg/.05 cc) to 10_1M (2073 yg/ .05 cc)
A. Intense activity; B. Bursts or trains of spikes 
following intense activity; C. Irregular spike discharge 
following quiescent interlude.



spikes of varying amplitudes (28.2 to 70.5 MV) generated at high fre

quencies (146.8 to 172.0 Hz). . It started with a range of low amplitude 

spikes (9.4 to 28.2 MV) occurring, at 6.06 to 14.1 Hz. Spike amplitude 

and frequency increased rapidly until activity became audible. Pattern 

of discharge reached highest levels as shown in Fig. 16A, and then

abruptly returned to baseline levels. No discernible difference could
■ —5 ' -1be detected between the intense activity generated by lO- to 10" M con*; 

centrations.

Display of intense activity did not appear to increase in 

duration and intensity as a function of concentration. However, the 

duration of the latent period between toxaphene introduction and first 

signs of effects appeared to be influenced by concentration (Table 8).

Intense activity, as depicted by Fig. 16A was generated approximately
-1 '50 sec. after introduction of 10 M toxaphene and approximately 26 min.

■ : ■ ■■■ -5 - ; . -34 sec. after introduction of 10 M toxaphene. After this apparent 

insult, activity returned to baseline levels. This reduced activity 

gave way to a resumption of periodic intense activity which did not 

appear to be a function of concentration.

Intense endogenous activity observed during Period 1 (Fig. 15A) 

differed markedly from that observed during toxaphene testing. Bursts of 

spikes with uniform amplitudes were observed during control periods 

(Fig. 15B). Bursts of spikes were not observed from toxaphene poisoning 

until after intense activity subsided. Then bursts of spikes uniform in 

amplitude were observed (Fig. 16B). Bursts occurred at the rate of 

7 per min. with a mean spike.frequency of 27.5 Hz. This activity
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Table 8. Measurements of bioelectrical activity from isolated abdominal 

ventral nerve cords of the cockroach jP. americana exposed to 
toxaphene injected into the bathing solution.

Stage
aActivity

Duration
Time*3

Spike Ampli
tude (MV)

Spike Fre
quency (Hz)

lO'^M (0.21 ug/O.OS cc)
Latent Period • 13 min. 47 see. baseline baseline

56 sec. 9.4 2.3
4 min. 45 sec. 9.4 , 18.8
4 min. 39.5 42. 3 \

Average 26 min. 34 sec. 11.6 12,7
Intense Activity 2 min. 22 sec. 146.8 70.5
Interlude 30 sec. baseline . baseline

10*4M  (2 .07 ug/0. OS cc)
Latent Period . 3 min. 40 sec. baseline baseline

54 see. 9.4 9.4
53 sec. 28.2 29.4

1 min. 47 sec. 32.9 . 90.3
3 min. 34 sec. . 51.7 116.9

Average 12 min. 28 sec. 20.4 41.0
Intense Activity . 1 min. 47 sec. . 70.5 159.4
Interlude . 2 min. 17 sec. 5,8 3,9 :

10-3M (20.7 Ug/O.05 cc)
Latent Period 8 min. 43 sec. baseline baseline

5 min. 4.7 23.5
.4 min. 43 sec. . 23.5 ' 44.0

Average 18 min. 15 sec. 9.4 22.5
Intense Activity 1 min. 15 sec. . 131.0 42.3
Interlude .1 hr. 28 min. 40 sec; baseline baseline

10"^M (207.3 ug/0.05 cc)
Latent Period 1 min. 31: sec. baseline baseline
Intense Activity 45 sec. 94.0 ■149.0
Interlude . 6 min. 2 sec. 4.7 17.6

lO'Hl (2073'.0 iig/0.QS cc)
Latent Period 59 sec. baseline baseline
Intent Activity 4 min. 48 sec. . 70.0 . 138.5
Interlude 5 min. 12 sec. . baseline baseline

^Qualitative delineation of neuroactiyity according to measured events. 
Average time elapsed in recording corresponding measurements of 
neurotoxicity.
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continued for approximately 27 min. 21 sec. when 10~ M toxaphene was

tested. It gave way to baseline activity in some VNC and irregular

activity (spikes of varied amplitudes and frequencies) in others

(Fig. 16G). Intense activity followed this quiescent interlude in all

VNC tested with 10 ^ to 10 "*"M toxaphene (Table,8). This apparent latent

period and subsequent similar periods varied considerably in duration

with each VNC tested. Toxaphene concentration did not appear to ffect

the duration of the interlude. The periodic insult and quiescent inter-
-5 "■ '-1lude occurred with concentrations 10 to 10~ M until baseline activity 

predominated (10 to 10 M) or until apparent nerve death (10 ^ to 

10'1).

Endogenous activity observed from L̂. maderae VNC appeared to be 

quite different from that of F. americana. Spikes of low amplitude and 

irregular frequencies were observed throughout the control period of 

8 hours. Activity appeared to be depressed immediately after VNC- 

electrode contact was made. Spikes of 4.7 and 9.4.MV were observed 

initially occurring at approximately 6 Hz. Spike amplitude did not 

change over the entire period, but spike frequencies did vary (6-67 Hz).

Control mineral oil had no apparent effect on _L. maderae 

endogenous activity. Each VNC was studied as a control for approxi

mately 30 min. before toxaphene exposure. Activity during control 

mineral oil. treatment periods did not appear to be different from 

the usual endogenous activity.

Toxaphene was tested on L̂. maderae VNC approximately 60 min. 

after VNC-electrode contact was made. Toxaphene did not appear to
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modify endogenous activity to the degree observed with P. americana VNC.

Activity appeared similar to the controls for all concentrations tested.

Each VNC was observed for approximately 35 min. at each concentration 
-8 -1 ■10 to 10 M before application of the next higher concentration.



DISCUSSION

Evaluation of in Vivo Toxicity

Both cockroach species appeared to demonstrate a chronic form of 

toxicity to toxaphene. This was apparent from the effective dose and 

lethal dose response plots (Appendix B) and the margin of safety values 

(Table 1) for each time. Chronic toxicity is an expression of quantal 

(%) response influenced by the ability of the animal to retain the toxi

cant in tissues apart from the site of action (Cassafett and Doull 1975). 

Chronic toxicity is time dependent where acute levels of the poison are 

taken up by the receptor as a function of time. This relationship is 

further modified by the ability of the animals to metabolize, store, or 

excrete the toxicant. The regression line of the dose response plot 

would indicate these relationships by progressively attaining a more 

horizontal attitude as a function of time. The margin of safety would 

increase with time in relation to the maintenance of translocation, . 

metabolism, and excretion of the toxicant.

When a toxicant has.an immediate lethal effect on a population 

of animals, the regression line appears to take on a near vertical . 

attitude. The maximum quantal response would be expressed within a 

narrow range of doses. The margin of safety then would be very low.

This Set of. criteria would indicate acute toxicity., Acute toxicity 

would tend to imply that the toxicant is acting on a specific receptor. 

This does not indicate that chronic toxicity differs from acute toxicity
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by affecting more general receptors, but rather that the defense mechan

isms of the animals retard the rapid build up of the toxicant at the 

receptor in acute levels.

. Chronic toxicity could not be measured directly for P_. americana. 

After obtaining dose response data at 24 hours, complete kill rendered 

further time-based toxicity measurements of little value. However, the 

regression lines of the dose response plots at 24 hours appeared to fit 

the criteria for chronic toxicity.

The P . americana lethal dose response regression line at 24 

hours appeared to be very nearly parallel to that of L . maderae at 120 

hours. The margins of safety and equations for the lines were also very 

similar. This would appear to indicate that the measurement of toxicity 

in P. americana should be taken earlier than 24 hours or at lower overall 

doses.

It may also be speculated that the relationship might indicate 

similar effects of poisoning in the two species. The term "effects of 

poisoning," might be associated with potency; although parallelism of 

regression lines would not imply similar mechanisms of action. Potency 

is governed by drug-receptor interactions and influenced by absorption, 

distribution, biotransformation, and excretion of the toxicant (Fingl 

and Woodbury 1975).

* . Chronic toxicity in L. maderae was more easily evaluated. The

margin of safety, as well as the LD-50, decreased as a function of time 

(Table 1). Further evidence was provided by the change in slope of the 

dose response plots with time.
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Chronic toxicity was further demonstrated by the expression of 

symptoms at certain doses with respect to time/ Doses of 2073.0 ug per 

insect and less did not produce overt symptoms of poisoning in L. maderae 

at 24 hours (Fig. 4). At 48 hours poisoning symptoms were not observed 

in insects injected with 2.07 to 828.0 ug toxaphene (Fig. 7). Symptoms 

were not observed in. insects injected with 207.0 (ig toxaphene until 

120 hours (Fig. 5). This would appear to indicate that large doses were 

needed to effectively allow toxic levels of toxaphene to penetrate the 

receptor or receptors. Perhaps this is why the SC values derived from 

regression A of the above plots were less than regression B values and 

the SC value for P. americana at 24 hours (Table 1).

A common site of action might be indicated by the apparent 

closeness of the SC values of L. maderae from regression B and the SC 

value for P. americana. This might well be a better measurement of the 

common susceptibility of the species to toxaphene than the margin of 

safety. It might also support the supposition about a common toxaphene 

receptor in each species since influence of retention, at least in 

Jj. maderae, was demonstrated through SC values for regression A.

Apparently this chronic toxicity expressed by the two cockroach 

species studied is similar to the correlation between potency and resis

tance observed by Busvine (1964) for the housefly, Musca domestics (L.), 

and Lucilia cuprina:(Wied)» Busvine (1964) found that resistance to 

toxaphene developed in proportion to toxaphene potency up to certain high 

doses. At high doses toxaphene remained toxic, producing complete kill 

to even the most resistant strains of flies. This effect appears to be



similar to that, observed in this study for L. maderae where the inclusion 

of low doses in measuring sensitivity showed apparent resistance, or at 

least tolerance, but strictly high doses demonstrated hypersensitivity 

and perhaps acute toxicity. Busvine (1964) attempted to explain this 

condition in two ways: (1) that the insecticide influenced multiple

sites of action at high doses, (2) that the toxicant reached the site of 

action in acute levels before the animals resistant defenses were 

mobilized. Both suggestions appear to be equally plausible. They do, 

however, imply different interpretations of dose-response data. That is, 

more horizontal dose-response lines or greater margins of safety either \ 

indicate multiple action sites or enhanced retention away from receptors. 

This may also be extended to include sensitivity regression evaluation 

since this method of analysis is an interpretation of effective dose- 

response data measured through specific symptoms.

Insensitivity or sensitivity of certain drugs (e.g. atropine) on 

different receptor forms at low and high doses has been demonstrated 

(Kmjevic 1974). Alkaloids affect muscarinic synaptic transmission at 

low doses and affect nicotinic sites at relatively high doses. This is 

not to say that toxaphene has a similar effect on these sites, but 

rather that the phenomenon might be extended to insecticides like 

toxaphene. Common insensitivity at a site of action has been proposed 

as a resistance mechanism for lindane, the cyclodienes, and polychlori

nated terpenes (Ray 1963, Busvine 1964). It is unlikely, however, 

that insensitivity at the site of action would play so great a role in



resistance as genetic factors (Plapp and Casida 1970, Matsumura,

Telford, and Hayashi 1967).

Microsomal enzyme induction appears to be responsible for at 

least some of the chlorinated insecticide resistance phenomenon (Plapp 

and Casida 1970). It does not, however, adequately explain differential 

sex susceptability. Generally female insects are more tolerant than 

males of the same species (Brooks 1974). Matsumura et al. (1967) 

attributed this to unspecified sex linked protective mechanisms. Cur

iously, there is no difference in oxidase levels for males and females 

of the same species, although resistant strains have higher levels than 

susceptible strains (TsUkamoto, Shrivastava, and Casida 1968). The one 

striking difference in male-female internal chemistry is. the propor

tionately greater lipid content in females; Although it is clear that 

DDT resistance in large part is controlled genetically (Tsukamoto and 

Suzuki 1964), the influence of saturated lipids on tolerance still 

remains intriguing (Munson, Padilla, and Weissman 1954).

Munson et al. (1954) hypothesized that DDT is stored in less 

saturated fatty acids, reducing the levels of toxicant available to the 

site of action. They found that DDT resistance appeared to be a func

tion of lipid saturation which in turn was influenced by rearing tem

perature . Temperature conditioning prior to insecticide exposure 

appeared to increase resistance. Central to their hypothesis was the 

phenomenon of a negative coefficient of action for DDT and a positive 

coefficient of action associated with the cyclodienes and toxaphene 

(Hoffman and Lindquist 1949, Guthrie 1950).
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Boll weevil, Arthonomous grandis (B.), tolerance to toxaphene was 

found by Reiser et al. (1953) to be.correlated with.increases in seasonal 

fat content. Toxaphene and dieldrin resistance appeared to be influ

enced by the percentage of dry lipid content. Factors which seemed to 

determine toxaphene tolerance and lipid content were age and nutritional 

environment. Munson et al, (1954) suggested from the evidence given by 

Reiser et al. (1953) that there is good correlation between unsaturated 

fat content and resistance to toxaphene.

It appears that there is a positive correlation between the 

amount of triglycerides in certain insect species and tolerance to 

toxaphene plus DDT (2:1) (Moore and Taft 1972). Boll weevils which 

survived toxaphene plus DDT treatment contained higher concentration 

levels of palmitic (CH^(CH^)^COOH) and oleic acids (Cis-9-octadeco- 

dienoic) and lower levels of stearic (CH^(CH^)^^COOH), linoleic (Cis, 

cis-9,12-octadecatrienoic), and linolenic (Cis,cis,cis-9,12*15-octa- 

decatrienoic) acids (Moore et al. 1967). Dieldrin resistant European 

chafer grubs, Amphima11on majalls (R.), had twice as much palmitic and 

oleic acids as susceptible grubs (Kuhr et al. 1972).

All these carboxylic acids are rather insoluble in H O  unless
V ' -■ ' /■ . V : • - 1

converted to their respective 1 salts. They all have relatively high
10 17boiling points, 232 °C for oleic to 232 °C for linolenic. One fea

ture that separates them is melting point; palmitic and stearic have a

melting point of 63°C and 70°C. respectively, which separate them from 
oleic (16°C), linoleic (-5°C), and linolenic (-11°C). Palmitic and 

stearic are also the two respresentative saturated carboxylic acids.
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An interesting feature is their affinity to undergo a-halogenation in 

the presence of phosphorus.

The ease of carboxylic halogenation is of particular interest 

in the light of availability. It could be speculated that the insec

ticide under the influence of an enzyme, ATP, and inorganic phosphorus 

might covalently bind to the carboxylic acid in the a-position. Such a 

reaction could render the toxicant unavailable to sites of action by 

maintaining it in solution or not permitting translocation to membrane 

systems. This might further explain insecticide-lipid solubility 

in vivo.

The much lower melting point for the unsaturated carboxylic 

acids would tend to indicate enhanced mobility and availability over 

the saturated acids. It might be speculated that oleic rather than 

palmitic acid would play a greater part in toxaphene and DDT tolerance 

due to concentration and melting point. Studying lipid composition 

in dieldrin resistant larval houseflies. Bridges (1973) found a greater 

percentage of C-18 acids in extracts of the nervous system as compared 

to whole larval extracts. He observed further that alteration of the 

diet did not influence changes in fatty acid concentration. However, 

there was no discernible difference in the concentration of cholesteral, 

triglycerides, and phospholipids between dieldrin resistant and 

susceptible larvae. .

There appeared to be scant correlation between the change in 

the maximum, mean, and minimum effective doses (yg/gm) and the change in
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maximum, mean, and minimum uptake (ug/gm) in tissues of L. maderae . 

studied in vivo from 24 to 120 hours. This was expressed by the corre

lation coefficient (R value) for regressions between ED-30, ED-50, and 

ED-70 values and uptake (Table 9). There was a moderate relationship 

(R>0.50) between combined uptake in total tissues and ED-30 (0.55),

ED-50 (0.54), and ED-70 (0.55) levels of in vivo toxicity. Doses which 

were capable of inducing an effect in 30% of the population appeared to 

be correlated moderately (R=0.50) with uptake in VNC. There were less 

than moderate relationships between ED-50 (0.48) and ED-70 (0.41) values 

and uptake in VNC. There was'little correlation (R<0.30) between uptake 

in haemolymph, fat body, and alimentary canal at ED-30 and ED-50 levels 

(Table 9); although the largest concentration of radiolabeled material 

was found associated with haemolymph and alimentary canal of symptomatic 

insects at 120 hours (Table 3).

Since effects of poisoning were not observed until 120 hours at 

the dose used to study uptake (175.59 pg/insect), it is difficult to 

interpret the relationship between effective dose and uptake by any and 

all tissues; The sublethal dose (134.0 ug/gm) used in studying uptake 

represented more of an ED-30 dose (118.7 ug/gm) than an ED-50 (299.5 ug/ 

gm) or ED-70 (755.6 ug/gm) dose. Sublethal doses appear best suited for 

the study of distribution because they allow longer exposure periods 

under normal physiological conditions (Gerholt 1965).
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Table 9. Relationship between the maximum, median, and minimum 
effective dose levels of toxaphene (24-120 hours) and 
the maximum, mean, and minimum uptake of ^Cl^toxaphene 
in tissues of the cockroach L . maderae (24-120 hours) 
derived by regression analysis.

Tissue

Correlation(R) Correlation(R) Correlation(R)
ED-30% vs. 

uptake
ED-50% vs. 

uptake
ED-70% vs. 

uptake

Haemolymph 0.22 0.25 0.43

VNC‘ 0,50 0.48 0,41

Fat Body 0.06 0.09 0.27

Alimentary 
. Canal . 0.12 0.15 0.30

Combined^
Tissues 0.54 0.54 0.55

f"Abdominal ventral nerve cords (2nd-6th ganglion inclusive) . 
Total uptake in combined tissues: haemolymph, WIG, fat body,
and alimentary canal versus effective dose.
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• 36 . -Uptake and Distribution of Cl-Toxaphene

in Tissues of L. maderae
36Distribution of Cl-toxaphene was measured in _L. maderae in an 

attempt to determine tissues most active in accumulating toxaphene. The 

accumulation of substantial amounts of toxaphene in a certain tissue 

with respect to other tissues might indicate at least a proximate site of 

action. Interaction would involve nonspecific as well as specific recep

tors. It is assumed that interaction with nonspecific receptors would 

be greater than with specific receptors in chronic toxicity, and that 

uptake would be more of a function of retention by nonspecific receptors 

than action on specific receptors. These nonspecific receptors might be 

lipids or proteins.

The apolar nature of toxaphene would allow it to readily pass 

across certain tissue membranes. In that sense, toxaphene might be more 

generally distributed in the insect body unless certain tissues were 

more active in retaining it. The degree of retention might be associated 

with lipid content as previously discussed.

Drug metabolizing enzymes are usually associated with liver cells
: ; ^  - ' . ■ ■ ' • ' . '

(insect fat body) and resistance through microsomal enzyme induction.

Active toxaphene retention in fat body might be associated with degra

dation products of toxaphene. This might also be demonstrated to a 

lesser degree in haemolymph, alimentary canal, and VNC. Excretory 

products might provide evidence of toxaphene metabolism.

Although this study did not employ more definitive means in 

Studying toxaphene metabolism, the gas chromatograms (Fig. 12) provide 

a qualitative evaluation of tissue extractables. Excreta appeared to.
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contain some products;of toxaphene metabolism; Substantial 

’amounts of radiolabeled material were found in the apolar and aqueous 

soluble layers of excreta from asymptomatic L. maderae . (Table 6). The 

most interesting feature is the difference between the control and 

treated excreta chromatograms. From this evidence, it would appear that 

some form of ethyl ether extractables were present in the animals prior 

to introduction of toxaphene. However, controls from, alimentary canal 

did not indicate the presence of these chemicals at higher GC-injected 

volumes (20.0 ul). Further, treated insect alimentary canal extracts 

showed high levels of unaltered toxaphene at low GC-injected volumes 

(2 til) . This would appear to . indicate that the radiolabeled material 

found associated with excreta was not in the alimentary canal. Perhaps 

the malpighan tubules were involved.

Apparently metabolism involves a detoxication process where
36Cl-toxaphene is dechlorinated most readily within the first two days . 

after administration (Ohsawa et al. 1975). The only identifiable 

metabolite of "^Cl-toxaphene in rats is the chloride ion (^Cl) found 

almost exclusively in the urine. Ohsawa et al. (1975) found small 

amounts of unmetabolized toxaphene in hexane-soluble fractions. Aqueous 

fractions were believed to contain mostly metabolites of complete dechlo

rination. Total excreta contained small amounts of unmetabolized toxa

phene, larger amounts of dechlorinated products, and some completely 

dechlorinated compounds.

Chromatograms of hexane-soluble extracts of VNC, fat body, and 

alimentary canal of asymptomatic and symptomatic L. maderae did not .
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differ qualitatively from the standard, although there was substantial 

recovery of radiolabeled material (Table 6). From the appearance of 

these chromatograms, metabolic activity is minimal in these tissues.

Chromatograms of hexane-soluble extracts, of radiolabeled material 

in asymptomatic cockroach haemolymph appeared to differ from the standard. 

Of particular interest is the apparent dissimilarity between asymptomatic 

and symptomatic insects. To speculate, this might,be a genetic factor 

associated with microsomal enzyme induction in the haemolymph or a 

masking effect of other chemicals, perhaps lipids, passively associated 

of bound to certain toxaphene isomers. Separation of components would . 

yield increased knowledge of this phenomenon. It is curious that no 

difference was observed with fat body, the tissue most associated with 

microsomal enzyme induction. Perhaps enzymes of more tolerant insects 

are released from the fat body into the haemolymph. This tolerance was 

ephemeral in the sense that even insects which survived up to 120 hours 

died soon- after.

Since the distribution of radiolabeled material differed so 

greatly at each assay period (Table 2), little value can be given to the 

apparent increase in accumulation in the alimentary canal of asympto

matic insects and haemolymph of symptomatic insects (Table 3). At first 

the data would appear to represent a buildup of metabolites in the 

alimentary canal of asymptomatic insects and indicate that the haemo

lymph contained a toxic agent or perhaps was the site of action. This 

would be a gross overstatement of the evidence. It is more likely that 

the changes' observed are a result of translocation between organ systems.



and that the uptake in any one tissue over another at any one time is 

a function of retention and availability.

This is evident from the distribution of radiolabeled material 

over the entire incubation period.. Unexpectedly, at 2 hours, more 

radiolabeled material was found in VNC than in haemolymph, fat body, and 

alimentary canal. It would be expected that more radiolabeled material 

would be found in haemolymph and perhaps fat body and alimentary canal

2 hours, after CCL anesthesia and treatment.
- - . 2. - . -

Adult male cockroaches, P. americana, exposed briefly to CO^,. : 

lost ability to move, and heart activity stopped in diastole (Brady 

and Sternburg 1964). Because of impaired haemolymph circulation, an 

inj ected dose of insecticide governed only by diffusion might be ex

pected to remain in relatively high concentrations at the site of 

injection (Brady and Sternburg 1964). The amount of insecticide would 

be greatest in tissues close to the site of injection until resumption 

of normal biological functions (Brady and Sternburg 1964).

Curiously, at 48 hours, uptake in VNC was greater than the ED-50 

value, but no symptoms were displayed by the insects used to assay dis

tribution. It might be speculated that these data might indicate that 

VNC was not the proximate site of action. However, greatest sensitivity, 

as indicated by the SC values (Table 1), was observed at 48 hours.

This, however, does not explain why certain insects in the sample 

population accumulated large amounts of radiolabeled material in their 

VNC and did not demonstrate at least symptom 1. . It is of further interest
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that insects displaying symptoms5 at 120 hours accumulated less than 10%

of the uptake at 48 hours.

The striking difference observed in overall uptake (Table 4) in 

the VNC, as compared to other tissues studied," would appear to indicate 

that toxaphene is not evenly distributed in tissues of X. maderae,

Indeed, uptake (yg/gm) in the VNC was approximately 2.5 to 3 times 

greater than uptake in haemolymph and alimentary canal and fat body.

It cannot be predicted from this study that this would be a general 

function of nerve tissue or that the evaluation of distribution would 

be altered if other tissues were studied, e.g., brain and Malpighian 

tubules.

Haemolymph, VNC, fat body, and alimentary canal appeared to 

represent tissues of importance in studying distribution. The total 

tissues studied weighed 0.17 ± 0.09 gms (wet weight) and represented 

12.9 ± 6.72% of the insect (Table 4). The tissues accumulated 18.9 ±

11.89% of the applied dose. This represents a 5:3 relationship between 

uptake and tissue mass. It means that approximately 81.1% of the applied 

dose remained in 87.1% of the tissue (a 1:1 relationship), if it was not 

lost from the animal prior to assay. In addition, 1.50 ± 0.71 yg 

(270.0 ± 116.7 yg/gm) or 0.85 ± 0.40% of the applied dose was recovered 

in excreta. Although this evidence does not take into account the 

concentration of the 81.1% of the dose in certain tissues not studied 

(e.g., brain, thoracic ganglia and/or malpighan tubules), it does offer 

a measure of the relative importance of tissues examined in this study.
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Defining tissues for studying distribution and.the proper Units 

to describe uptake are two principle technical dilemmas.- It would appear 

proper to assay all tissues in the organism, although this would be both 

time consuming and difficult. A complete study of nerve tissue involve

ment would certainly be more valuable if representative tissues from all 

systems (e.g., central nervous system, autonomic nervous system, and 

somatic nervous system) were assayed for uptake. But this would be 

difficult because of the small size of individual sensory and motor 

fibers and the difficulty in collecting them. This problem can be 

circumvented by enlisting more suitable and sensitive techniques (e.g., 

autoradiography).

Toxaphene associated with L. maderae VNC in vitro at what

appeared to be a uniform level over the complete range of incubation 
—  5 - 2concentrations (10 to 10 M). Better than 2.0% of the incubated dose : 

remained in nerve cords after 20 minutes of rinsing in cockroach saline 

(Fig. 13). The largest percentage of the incubated dose remained in VNC
_5incubated in 10 M 0.05 ml (2.07 Vg) toxaphene. Although rinsing 

removed substantial amounts of toxaphene, greater levels.of the poison 

remained in the tissue than was found in the final rinse (Table 6). This 

would appear to indicate that a certain amount of toxaphene remained 

bound to the tissue.

Penetration of DDT in I\ americana VNC was described by Matsumura 

and O'Brien (1966a) as following simple diffusion kinetics. They 

observed that rinsing removed approximately 30% of a loosely bound frac

tion, but the rest was tightly bound. They speculated that the bound 

fraction associated with lipids or lipoproteins of the nerve.
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Rinsing of toxaphene from L̂. maderae VNC appeared to follow the

same kinetic parameters described for DDT by Matsumura and O'Brien (1966a)

(Fig. 14). However, larger amounts of toxaphene were initially removed

from VNC incubated ih 10 and 10 toxaphene. Greater amounts of
—3 —2toxaphene remained in VNC incubated in 10" and 10*" M toxaphene,

although proportionately greater percentages of the incubated dose were
-5 / _4found in VNC incubated in 10 and 10 M toxaphene (Fig. 14). This is : 

an interesting paradox which would appear to indicate that uptake is not 

concentration dependent and that a component or components of the VNC 

bind toxaphene. Perhaps, as speculated by Matsumura and O'Brien (1966a) 

for DDT, these components might be lipids or lipoproteins.

Evaluation of Neurotoxicity 

:"L. maderae displayed endogenous activity over the complete con

trol period of approximately 8 hours. However, three periods of endoge

nous activity observed for P. americana were not as well defined for 

_L. maderae, and activity was generally less intense.

Dose levels which produced in vivo toxicity in L. maderae did 

not appear to generate neurotoxicity. This would include the rather 

heroic dose of 8.28 mg/insect. VNC removed from symptomatic L. maderae 

did not show enhanced neuroactivity above controls. It appeared that 

_L. maderae VNC were either demonstrating a more cryptic form of neuro

toxicity compared to P_. americana, or that this insect was unsuitable to 

test neurotoxicity with the techniques employed. It might be speculated 

that the reduced form of activity was related to some intrinsic factor 

associated with L . maderae VNC, e.g., high levels of certain ions
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(K+, Na+, Ca+2, Mg+2, Cl ) in VNC and haemolymph (Hoyle 1952, Adelman.

1956, Yamasaki and Narahashi 1959, Treherne 1965, 1967, Narahashi 1966,

Treherne et al. 1970, Wendt and Weidler 1972) and structure of the

neural sheath (Twarog and Roeder 1956, 1957, Maddrell and Treherne 1967,

Pichon and Boistel 1967, Hubbart 1972).

The saline used in this study was developed for P. americana

and might not have been suitable.for L. maderae. It might have lacked

the proper ionic environment necessary for proper levels of activity

in L. maderae. It was a modified Ringer's solution and contained a
+greater amount of Na ions than other cockroach salines (Yamasaki and

Narahashi 1959). Salines deficient in proper concentrat ion levels of
' + \ + . ■ certain ions, particularly K and Na , often modify endogenous activity

in certain species (Treherne 1967).

Endogenous activity in .P. americana was divided into three

periods according to the form of spontaneous discharge. The first

period of activity appeared to be a form of dissection or adjustment

shock to temperature, pH, or ion concentration of the bathing saline.

It might also be due to the pressure placed on the tissue during the

initial drawing of the VNC into the orifice of the suction electrode.

In either event, this activity subsided and was not observed again

over the complete control period of approximately 8 hours.

The second period consisted of an asynchronous series of spikes

and bursts or trains of spikes. ' It appeared to be a period of adjustment
to the synthetic environment. This period lasted approximately 3 hours.

It was felt that testing of mineral oil and toxaphene during this period



would lead to erroneous conclusions about the influence of these . 

pharmacological agents on the VNC.

The third period appeared to be a period of stabilization. No 

activity above noise interference in the oscilloscope trace was observed 

for approximately 5 hours during this period in controls. Spikes could 

be generated by applying suction to the VNC with the electrode. Pharma

cological agents were tested during this period because of the minimal 

influence of endogenous activity.

The form of intense discharge following toxaphene treatment of 

_P. americana differed markedly from endogenous forms of activity. Spikes 

of different amplitudes were generated at high frequencies (Fig. 16).

This activity was observed from VNC treated with 0.21 to 2073.0 ug per 

VNC. It appeared to be a discharge of several neurons. Total spike fre

quencies were much greater than any form of endogenous activity, and dis

crimination of bursts of endogenous activity often eliminated frequency 

counting during control periods! Discrimination settings, narrowed to 

count frequencies of spikes of a particular amplitude during the study of 

endogenous activity, appeared to be ineffective in reducing spike fre

quency of apparent toxaphene induced intense discharge. It was specu

lated that this was due to individual neuron discharge of spikes of 

particular amplitudes at frequencies common to the toxaphene insulted 

neurons.

VNC obtained from symptomatic insects displayed intense activity 

which appeared to be consistent with isolated preparations and different
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from asymptomatic insects. Symptoms were induced with 207.0 yg toxa- 

phene within 30 minutes after injection. Insects were tested for neuro

toxicity when symptom 1 was displayed. Control VNC of asymptomatic 

insects did not consistently demonstrate the three periods of endogenous 

activity observed in isolated preparations. Generally, period 1 was not 

observed.

Toxaphene modified endogenous activity in isolated VNC of 

P. americana at concentration levels which were consistent with in vivo 

toxicity. The latent period between introduction of toxaphene and neuro- 

activity appeared to become shorter as a function of concentration. 

Sensitivity at 0.21 yg would appear to indicate a proximate site of action 

in P . americana VNC.

Greater sensitivity might be expected at the site of action as 

compared to the general in vivo sensitivity of the animals (Roeder and 

Weiant 1946, Wang and Matsumura 1970). Roeder and Weiant (1946) pre- . 

dieted that the toxic concentration of DDT necessary to produce neuro

toxicity at the site of action would be at least half of the toxic 

in vivo dose to P_. americana. Wang and Matsumura (1970) found toxaphene 

nearly ineffective against the German cockroach, although toxaphene 

appeared to have high neurotoxicity when tested on VNC in situ.



CONCLUSION AND SIGNIFICANCE

Few investigations of the mode of action of chlorinated insec

ticides have been concerned with determining a site of action by a 

variety of procedures.. This multifaceted approach was used to define a 

proximate site of action for toxaphene by providing evidence of the 

involvement of one tissue system in the poisoning syndrome, with respect 

to others. The wide and extensive uses of toxaphene both as an insec

ticide and piscicide (fish poison) would warrant an understanding of 

the toxicity of this chemical, its mode of action, and biomagnification 

potential. Because of the lack of current information on the mode of 

action of toxaphene, this study evaluated toxicity in two cockroach 

•■species,;IP. ameficana and L. maderae, determined the distribution of

Cl-toxaphene in tissues of the cockroach L. maderae, measured
26penetration of Cl-toxaphene in isolated VNC of L. maderae, and evaluated 

neurotoxicity electrophysiologically in P_. americana and _L. maderae VNC.

Concentrations which produced in vivo toxicity in P. americana 

were found to induce neural sensitivity in VNC. -This was demonstrated, in 

isolated nerve preparations and in VNC removed from symptomatic insectsV ;. 

The evidence would appear to indicate a proximal site of action in the 

VNC of P_. americana. These observations appear to be consistent with 

those of Lalonde and Brown (1954) for the cyclodienes, Wang'and Matsumura 

(1970) for toxaphene and the cyclodienes, and Shankland and Schroeder 

(1973) for dieldrin. They also reinforce the current notion that toxa

phene and the cyclodienes act on the CNS (Brooks 1974).

- ■ . • . 81 /■:. ■ ' - ■ ■ ' . . :
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Toxaphene was found to be only slightly toxic to L. maderae, 

and neurotoxicity could not be demonstrated. Uptake in VNC of symp

tomatic insects corresponded to dose levels which produced first 

symptoms of poisoning (symptom 1). Although these levels were con

sistent with all tissues studied, there Was better correlation between 

the range of doses capable of producing symptom 1 from 24 to 120 hours 

and uptake in the VNC.than with uptake in other tissues froni 24 to 

120 hours. Toxaphene was found to be distributed in greatest concen

tration (pg/gm) about VNC in _L. maderae assayed from 2 to 120.hours. 

Further, toxaphene appeared to accumulate in the VNC and was still not 

rinsed from the nerve cord after 20 minutes. These findings are 

consistent with those of Ray (1963) for dieldrin distribution in

B. germanica, SUn et al. (1967) for dieldrin distribution in the house

fly, Matsumura and O'Brien (1966a) for DDT binding to P. americana VNC, 

and Jakubowski and Crowder (1973) for dieldrin binding to P. americana 

VNC. Together with the.observations of in vivo and neurotoxicity in 

P. americana, it would appear that the VNC is involved in toxaphene 

poisoning in the cockroach.



APPENDIX A

. QUENCH CURVES

The.figures that follow In this section are quench curves .

which were used to determine the counting efficiencies of the isotope
36 i 36Cl resulting from radioassay of Cl-labeled toxaphene found in

tissues of the cockroach L_. maderae. Samples were prepared for radio-

assay using a toluene based fluor (5 gm PPG, 2-5-diphenyloxazole and

0.06 gm POPOP, P-bis-2-(5-phenyloxazolyl)-benzene, per 1.0 liter

toluene). .
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Figure A1. Quench curve (external standard (226 Ra) versus percent 
efficiency) obtained from the Nuclear Chicago ambient 
temperature liquid scintillation spectrophotometer (Model 
6822). This quench curve was used to determine counting 
efficiencies for the isotope 36C1 recovered in haemolymph, 
abdominal ventral nerve cords, and fat body of the cockroach 
L. maderae studied in vivo.
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Figure A2. Quench curve (external standard (226 Ra) versus percent 
efficiency) obtained from the Nuclear Chicago ambient 
temperature liquid scintillation spectrophotometer (Model 
6822). This quench curve was used to determine counting 
efficiencies for the isotope ^ C l  recovered in alimentary 
canal of the cockroach L. maderae studied in vivo.
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Figure A3. Quench curve (external standard (226 Ra) versus percent 
efficiency) obtained from the Nuclear Chicago ambient 
temperature liquid scintillation spectrophotometer (Model 
6822). This quench curve was used to determine counting 
efficiencies for the isotope 36C1 recovered in excreta of 
the cockroach L. maderae studied in vivo.
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Figure A4. Quench curve (external standard (226 Ra) versus percent 
efficiency) obtained from the Nuclear Chicago ambient 
temperature liquid scintillation spectrophotometer 
(Model 6822). This quench curve was used to determine 
counting efficiencies for the isotope  ̂ Cl recovered in 
abdominal ventral nerve cord of the cockroach _L. maderae 
studied in vitro.



APPENDIX B

. DOSE RESPONSE PLOTS

The figures that follow iin this section are the dose response 

plots used to measure toxaphene in viVO toxicity in americana and 

L . maderae.
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Figure Bl. 24-hour effective dose response curve for toxaphene injected into the haemocoel
of adult male P. americana.
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Figure B2. 24-hour lethal dose response curve for toxaphene injected into the haemocoel of
adult male P. americana. too
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Figure B3. 24-hour effective dose response curve for toxaphene injected into the haemocoel
of adult male L. maderae.
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Figure B4. 48-hour effective dose response curve for toxaphene injected into the haemocoel
of adult male L. maderae.
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Figure B5. 72-hour effective dose response curve for toxaphene injected into the haemocoel
of adult male L. maderae.
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Figure B6. 96-hour effective dose response curve for toxaphene injected into the haemocoel
of adult male L. maderae.
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Figure B7. 120-hour effective dose response curve for toxaphene injected into the haemocoel
of adult male L. maderae.
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Figure 88. 48-hour lethal dose response curve for toxaphene injected into the haemocoel
of adult male L. maderae.
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Figure B9. 72-hour lethal dose response curve for toxaphene injected into the haemocoel
of adult L. maderae.
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Figure BIO. 96-hour lethal dose response curve for toxaphene injected into the haemocoel
of adult male L. maderae.
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