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ABSTRACT
Effeetsvof Toxaphené:z a polychlorinated terpene insecticide,’
were studied by a multidiseiplinary approach on two cockrdachrspecies,

Leucophaea maderae,(F.).and Periplaneta'americana'CL.). Toxaphene waé‘

rfound to be’ slightly toxic to L. maderae and moderately tox1c to P.

- americana. Uptake of 36C1~toxaphene_1n_tlssues of L. maderae was
studied.from 2 to 120 hours. Greafer'aceumulation of756C1-t0xaphene'oﬁ'
a ug/gm baeis was,feund associated with;the'abdominal ventral nervercord_
(VNC) of_E;lmaderae than with haemolym?ﬁ, fat body, and alimentary canal.
36Cl—Toxaphene uptake was noted in L. maderae VNC ig_jigrg_at levels

. which were independentlef incubation dese'cencentrafion. Substantial

' aﬁdunts'of 36Cl—toxaphene‘renllairlled associated With VNC after rinsing.
Radiglabeied material found in haemolymﬁh of asymptomatie L. maderae
appeared to be.qualitatively differehtbfrem toXaphene'etaadards and

also that foand in symptomatic insect haemolymph based on éas chroma-
fografhyr >Cencehfration levele“responsible'for in vi#o texicity
appeared to correlate w1th electrophy51olog1cal symptomology in VNC of
.B: a@erlcana. Intense forms of act1v1ty were observed in isolated nerve
preparations>and in VNC removed.from symptomatic 1nsects treated with-

> and lO_lM toxaphene Latent perlods between 1ntroduct10n of

10”
'.toxaphene and onset of 1ntense act1v1ty appeared to vary as a functlon

of concentratlon



~ INTRODUCTION

The mode of action of the chlorinated hydrocarbdn insecticides
is not known;: Althoagh it is generally acceptedithat these inSectlcides |
act on the nervonslsystem, a,frecise.site of)action has not been defined '
(Metcalf 1955A O'Brien 19677-Brooks.1974) -1There is evidence that DDT -
(dlchloro dlphenyl trlchlorethane 1;1, l tr1chloro 2, 2- bls(p chloro—
;-phenyl)ethane) and 1ts analogues act on’ perlpheral sensory nerves in the-i
vlnvertebrate (Roeder and Welant 1948). vThe cyclodiene family of insec-
ticides,'e;g;; dieldrln (1,2,5;4,lO,lO;hexachloro-é,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 vertebrates and 1nvertebrates (O'Br1en
| 1967 Ecoblchon 1970) Toxaphené:)(C10H10C18), a polychlorlnated ter-
'pene, is. belleved to. have a mode of actlon 51m11ar to the cyclodlenes
althoughvlittle of the structure'and function of this extensively used
v1nsect1c1de is known (Soloway 1963, Busv1ne 1964 Brooks 1974)
| Toxaphene (molecular weight (MW) 414. 0), formerly 3956 (Hercules
Powder Company, ermlngton,:Del.), was-found-to have 1nsect1c1dal prop-
erties ln,l947 (éarker-and Beacher 1947). lt is a complex nixture'of at

least 177 lO—carbon‘components variously chlorinated from C16 to Cl10

(Ohsawa et al 1975) Two 1solates from the mlxture, heptachlorobornanevav'

(2, 2 5- endo 6 -ex0,8,9,10- heptachlorobornane) (C10H11C17) and an octa-

'.chloro compound (C ) were 1dent1f1ed by Ca51da and his colleagues'

lO lO

| V(Khallfa et al 1974) as tox1c components H The'octachloro compound,

El



,2_
toxicant A, was foundrto he'l4 times more toxio to micefand 4‘tines more -
toﬁio, when applied topicallf, to houseflies than'technioalvgrade'toxa-
phene. Heptachlorobornane,.tokicant B; was'found to be §atimes moreb"
toiic tolhouseflies than’technical.gradeitoxaphene" Casida and
;_colleagues (Khallfa et al 1974) speculated based upon the comblned
1acute tox1c1ty of the isolates, that toxicants A and B contrlbute
significantly or perhaps entirely_to the overall tox101ty of.toxaphene;
V'Casida;-Holmstead et al.—(1974) reportedfthat‘approxinately
one billion‘pounds ofdtoxaphene”were used in the,last 25 years for the
oontrol‘of crop and.livestock pests. In eombination.withiDDT, toraphene,
"proved to be most effective against a number of crop pests (Brooks 1974).
A United States Department of Agrlculture survey ‘in 1964 revealed that
;:these two 1nsect1c1des represented 40% of the total ;nsect1c1des used- o
‘*,for-that year (Brooks11974). | | | |
Toxaphene 1is currentlf being used- in comhination with methyl.

rparathlon (o, O d1methy1 O P- Nltrophenyl phosphorothloate) and trlchlorfon
A(O 0- dlmethyl 2, 2 2-trichloro-1-hydroxy- ethylphosphonate) for control
: of agrlcultural pests (Hercules, Inc. 1970). In Arlzona toxaphene has
.dbeen w1dely used flrst in- comblnatlon with DDT then in comblnatlon with
‘trlchlorfon and methyl parathlon for cotton and alfalfa pest control
(Hercules, 'lnol 1970). Its use 1n Arlzona has 1ncreased from 48 3% of .
all chlorlnated hydrocarbon 1nsect1c1des used in . 1968 to 83 6% in 1974
(Kreader 1973 Gold 1975) The yearly amount (lbs ) of technlcal grade

ltoxaphene used in Arlzona has not 1ncreased since 1969 (Gold 1975)



In 1974, 2;031’706flbs' of-teohnicai'grade toxaphene‘were'used,throh
‘arepresented-24.5%1of.all;insecticides uSed‘for'that.&ear”in Arizona
(Gold 19753 o B
Toraphene.appears to resemble the~eYClodienes in structure;
tox101ty (Soloway 1963 Busvine 1964), “and mode of re51stance (Brooks '
1974) 1n certaln_lnsect,spec1es. Because of the 1ncrea51ng number of
: pest 1nsect spec1es becomlng re51stant tortoxaphene and 1ts occurrence
in mllk'of dalry cows (Bateman et al. 1953, Carter et al. 1953 Claborn
'et alf 1963, Zwelg et al. 1963), 1t‘has become an insecticide of
: Vinterest'in regardbto itS»biomagnification potential and its effect on
'nontarget animals.(Casida5 Holmstead et al.'1974).v.Understanding the
-_mode.of actiOn_of toxaphene is of considerable imbortance_because of rts :
mide‘use in.agrioulture>and7resuitant association with man. Beyondn
this, it;;like,the other'chlorinated hydrocarbonvinsectioides—-is a
useful tool'of neurobiology. | |
A number of theories‘have‘been proposed which hare attempted‘to
.explaln the mode of action of chlorlnated insecticides (Martln and Wain
>1944 Lauger et al. 1946, Rogers et al 1953 Gunther et al 1954
Mulllns 1955 Rlemschnelder 1958, O'Brlen and Matsumura 1964 Holan
1969) .- These theories have beenvvarlously summarized in reviews by
-O'Brien (1967) Metcalf t1973), and Brooks.(1974).‘ The more attractive
of these have been the phy51ochem1ca1 theorles of Mullins (1955), O'Brlen )

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

'“‘c1ates w1th components of the nerve membrane either as a charge transfer

omplex (O'Brlen and Matsumura 1964) or as a flttlng w1th1n ‘the pores of

the membrane (Mulllns 1955 Holan 1969) Insect;cldal actlvrty'ls then_f:



geherated-due-to.distortion ofrthe membraue resulting in NA" and K
current imbalances and a retardatlon of the refractory period This hasi
been described from the demonstratlon of an increase in the negatlve
,after-Potential (NAP) as v1ewed_electrophy51olog1cally (Narahash1‘197l).

‘No theory has been Proposed forvthetmode5of-action of toxaphene
Shankland and Schroeder (1973) have hypothe51zed that the 51te of actlon
i for purified dieldrin is the presynaptic terminals of the cholinergic '
synapse. Shankland and Schroeder (1973) suggested further that the
giant axon membrane‘of'the Americah-cockroach be eliminated as a-possible
-site of action;' | |

ln accordance;with structure and symptomology, insecticides N
‘suchvas the chlorinated hydrocarbons, have'been“classified inrgrouPs pre-
sumablY'in'referencetotsimilar'modeshof action. The chlorihatedrinsec;
ticides are combined as a fauily and loosely divided among this unit as
ADDT analogues,. 11ndane (y-BHC) (1 2,3,4,5,6- hexachlorocyclohexane),
lchlorinated terpenes, and chlorinated cyclodlenes ‘(Busvine 1964 O'Brien ~
1967). The cyclodienes and lindane are believed to act on gangllohic
cellsfbecauseiof'cross resistance ahd symptomologyd(Gianotti,-Metcalf{
‘and March 1956; Busvine 1964) )

“Two known gangllonlc p01sons, nicotine (3 (l—methyl 2~ pyrrolidyl)c
pyridine) and the organophosphate parathion (O O—dlethyl-0—p—n1trophenylf“
_phosphorothioate), produced 51m11ar symptoms in the cockroach (0'Kane -
et al 1933 Harvey and Brown 1951 Hopkins, Rao, “and Ameel 1970)
After a short latent - period the American cockroach Periglaneta :

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




5 .

‘spasms, atax1a,4and paraly51s whlle taklng on enough gas to greatly dis-

tend thelr abdomens (O'Kane et al 1933 Harvey and Brown 1951) he

‘Madera cockroach Leucophaea maderae (F. ), demonstrated the same -

_extreme bloat 1n the foregut w1th a well- deflned series of symptoms from'
parathlon p01son1ng (Hopklns et al. 1970)
In contrast axonic p01sons such as DDT, prodnced tremors over

" the entire body of p01soned P. americana which prec1p1tated uncoordlnated
Tmovements of appendages resultlng in’ suplne prostratlon and death (Brown;:
1963). Theplnsect-appeared de51ccated w1th.the muscles severely con-
tracted (Heslop and‘Ray 1959). DDT'and methoxychlor (l,l,i_trichloron,
2—bis(pémethoryphenylj—ethanol) increased okygen consumption by approxi-
A nately half the valuelobServed for llndane_and the purified cyclodienes“
,iin B. germanica (Harvey'and'BroWn 1951)} | o
| . Brown (1963);hinva review oflchemical*lnjnries ln insects, .
_»described the symptoms of polsoning for lindane and the cyclodienes.
Poisoning of P. americana byrlindane'dnduced tremors:folloned by‘atakia,
convulsions, falllng, and prostrat1on L1ndane appeared to act SO .
rapldly that certain symptoms may have been obscured This perhaps ex-’
plalns the observat1on of only spasms, paraly51s, and death by Harvey
and Brown.(1951). The cyclodlenes acted slowly, producing first atakla,
rthen convulsions,pand:a flaccid paralysis.

| Gianottl et al. (1956) descrlbed the 1n1t1al stages of dieldrin
kpo1son1ng to be llke that of DDT Unllke DDT p01son1ng, the later
;;stages of - the d1e1dr1n tox1c1ty syndrome were marked by flacc1d paralysls

,_where affected cockroaches responded wrth=leg movementsgafter a llght

o



toUch of the antennae. There was. a general lack of oontlnuous hlgh ,
frequency leg,movements-termlnatlngnln r1g1d para1y51s. They observed B
further'that decapitation or severance of'the ventrai nerve cord (VNC)
below the mesothoracic gangllon made no alteratlon in the’ tox1c response.
Perlpheral effects were observed after treatment of severed mesothorac1c
leg nerves w1th DDT; but_no effect was obServed'with aldrin (1,2,3,4,10,
1b—hexach1oro—1,4,4a;5,8;8a—hexahydr041,4-endo;exo-5,8—dimethano7
naphthal'ene) or dieldrin. High dosesr of aldrin and dieldrin did not
demonstrate increasedhperipherai activityé, The action_ofuthese cyclo-'f
h-dienes was, however, antagonized by nieotine. From the evidence,
. Gianotti et al. (1956) concluded that the;cyelodienes, particulariy
.dieldrin and aldrin, appear-to affect the central nervous system (CNS)
Aand;that the ganglia of thevaC are»the primaryAsite of‘action: |

- The syndrome of tox1c1ty for toxaphene appeared to be more like
that of 11ndane than that of the cyclodlenes (Harvey and Brown 1951).
In the German cockroach, Harvey and Brown (1951) - observed a 1atent
>per10d of approx1mately 60 mlnutes before insects demonstrated exci-
_,tataon, spasms, partlal paralysrs, paraly51s, and death. The pattern of -
oxygen‘eonsumption, together~with stptonology,lappeared to 1nd1cate an
iactlon 51m11ar to 11ndane but unllke the cyclodlenes Insects exposed
to the cyclodlenes ‘lacked what Harvey and Brown (1951)‘termed a perlod
‘_of exc1tatlon, spasms, and paraly51s Llndane on the other hand acted
"very rapldly.. Insects showed spasms and then paraly51s there was»no' |
phase'oftobserVable-exc1tatlon. Rates of oxygen consumptlon were. much

greater 1n 1nsects exposed to purlfled compounds than in those exposed to



vtechnical grade materialv Technical chlordane and purified o and’ 8
'fchlordane produced 51m11ar symptoms in the’ German cockroach.

Toxaphene did not appear to be as active as. the cyclodienes
_(Solomay 1963).' He’ suggested that this may be due in large part to'
puritv of tested toxic components. He theorized that cYclodiene toxicitv
is dependent on’the geometrical pattern'of the insecticide, polychlori—Ai
nated positions,hand double bond»or‘electronegative atoms. The more
- active cyclodienes appeared to have twotelectronegative centers;'VSoloway:‘-’
>(1963) concludedrby suggesting that potency is a function of a phvsicalrh
~interaction between electronegative centers and;a biological'sitet ~To
lBusvine-(l964) those sites appeared torhe partsrof a vital-enzyme.
| | ‘Busvine (1964) revealed somewhat of a paradox in toxaphene
H.potency to the housefly Toxaphene, like strobane (polychlorlnated»tere

‘pene) (C ' lindane, anddsomeicyclodienes,fdid not lose specific -

10 llC17)’ |
potency in relation to resistance at high doses. They remained:toxic to
ghomozygous re51stant strains at hlgh doses, which perhaps 1mp11ed multi-
‘ple modes of action affected at high doses Although symptoms of poi-
osoning remalned the same, at high doses as w1th low doses for the- same |
compounds,.this~paradox is most 1ntrigu1ng. In additlon, the symptomslli
.for.cyclodiene compounds and lindane, while being;unlike,those for DDT .
poisoning; resembled parathion poisoning. ‘Busvine (l964), however,
expressed cautiOn in-evaluation.of signs of‘poisoning from his obser-
.‘vation of apparent acute 1nsect1c1de (lindane, cyclodiene or organo--
.phosphate) p01son1ng evoked by narcotic benzene (1 3,5- cyclohexodiene),

chloroform (trichloromethane), naphthalene (C ), and paradichloro—

10 8

H:benzene (1 4- dichlorobenzene) vapors



A'nnmher‘of-insecticides, including toraphene, were teeted hy

- Cochran (1955) to determlne susceptlblllty dlfferentlals in the Amerlcan
‘cockroach He descrlbed morbldlty as a fallure to exhlblt locomotor
activity The lethal dose for 50% of the populatlon (LD-50) at. 96 hours

- for toxaphene, female 70 ug/cm:male 30 ug/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 methan01ndane) and was greater than all other 1nsect1c1des tested.

The American cockroach'appeared to be most sensitive to dieldrin and
lindane., o | | ”

No study directed to the”elucidation of a-site of action or mode
of action of a pharmacologlcal agent would. be complete without an |
evaluatlon of tox1c1ty w1th the experdmental organisms. The ev1dence of
toxaphene tox1c1ty from prev1ous studles is meager at best A conclse.:
rdeflnltlon of toxaphene symptomology w1th the test animals, together
»w1th patterns of tlme-based potency, would clearly aid in evaluating
~uptake ot insecticides'by‘selected_tissues.

" Due in large part to;the.physiochemical theories, particnlariy
that of Mullins (1955), apnunber of studies were performed to determine
aisite of'action by tracing.thevdietribution and uptake'of‘insectdcides‘
1n the insect body They were pr1nc1pa11y attempts to correlate uptake :
of 1nsect1c1des by certaln tissues and tissue components w1th symp—

_ tomology - This was in accordance w1th a fundamental precept of toxi-

cology that theé effect of a chemlcal is a functlon of its concentratlon

at the 51te of actlon (Loomls 1968)



Contact 1nsect1c1des, 11ke chlorlnated hydrocarbons, penetrate
“the cutlcle and elther translocate to a. 51te of actlon via the haemo-
>"lymph (Olson 1973) or through the tracheal system (Gerholt 1969) .
ilnjectlng an LD-50 value‘of DDT andcbypa551ng-uptake by-the cutlcle,
Cochran (1956) traced the dlstrlbutlon of the 1nsect1c1de in tlssues of
the American cockroach On a ug/gm ba51s, Cochran (1956) found that DDT‘~~
was dlstrlbuted generally throughout the 1nsect the amount recovered in -
the allmentary canal represented the greater percentage of the- recovered“
dose in males. “He did not assay the'VNC or any other nerve tlssue for
uptake. .ﬂe propdsed thatfthe general distribution’of the insecticide
‘might be due to its translocatlon in fat soluble components of the '
1nsect haemolymph 7
Tlme of 1nject1on and the site of 1nject10n appear to be 1mpor—

7tant:factors whlch 1nfluence the dlstrlbutlonvof_1nsect1c1des within thev_
insect (Sun, Schaefer, and Johnson 1967). - ﬁsing LD-50 Vaiues, Sunvet al,'h
7(1967) studled the dlstrlbutlon of 1 C d1e1dr1n 1n3ected 1nto the house-
'fly. An average of 1. 5% of the applled dose was found concentrated about
_the CNS. The amount of uptake by the CNS did not. appearvto increase with-
time, but dld increase with concentratlon Uptake of 4C dieldrin in .
the haemolymph appeared to decrease as a functlon of tlme Sun and
-colleagues (1967) suggested that perhaps the total'amountxof insectdcide
nat a site of'action is not»so important as absorption, partition, and
. metaboiism; and that,the:percentage'of'the'free:toxic'agent determines

sensitivity over that which is bound to tissues.
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Robblns and Dahm (1955), studylng the dlstrlbutlon of DDT
anaiogues in female P. americana for 72'hours found hlghest accumula—r
tiens of 4C DDT on- a CPM/mg basis in feregut h1ndgut fat body, and
feees. .The brain and thorac1c gangllon showed little accumulatlon of
radioact1v1ty,_and accumulatlon in haemolymph was too low todreport.
This stady did not implicate the nervous tieeue as a siterof actioﬂ,
- and no reference was ﬁade tqvthe doses used as being representative of
effective or.lethal eoncehtrations. |

Ray (1963), studying dieldrin uptake withiresistant'ahd suscep- = .
tible strains of German‘CQckranh, found'inereased levels ef“anchangedtl
dieldrin associated‘withlnerve cords of-resistant dinsects after topical
‘treatment with increasing cenCentration<levels ofnpeison *The amount
- of uptake of d1e1dr1n by the total tissues of both re31stant and suscep-
t1ble insects appeared to increase as a function of time. Re515tant
cockreaches that ehOWed signe of poisqhingiappearedlto'aCCumulate less.
. dieldrin in nerve cords than susceptible coekroaches. Uptake seemed to'
declinedaS'a fuhctidn:of time-in resistant COckranhbnerve cords.

Although the ev1dence of uptake by certaln nerve tissue compo—
nents by autoradlography appeared contradlctory, there d1d seemrto be
accumulathn of radiolabeled 1nsectlcldes about nerve tlssue. DDT or a
36C1—compour_1d was fouhd associated with the.cytopbaem of nerye'cell
 bodies in VNC,gahgiia of the'leech (Webster;1967)._pby a whole body
'radloautographlc technlque, 1uihara; Nakajima;‘ and Shihdo (1970) found
14

C- 11ndane 1ocallzed about CNS, braln, and ganglla In the autoradio-

graphs presented hlgh accumulation of labeled lindane appeared to be
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essociafe&.with abdominaI'VNC Telford and Matsumura (1970 1971), u51ng~
electron mlcroscoplc autoradlographlc technlques provided evidence of
accumulatlons of 4C—dleldrln in nerve tissue components of the Germehr
cockroach. Electronmicrographs of_Selected sections of isolated
abdominal VNC iricubated with *'C-dieldrin in vitro showed greatest
silverAgrain localiiation outside and within the axonicrmembrane (Telford_'
| and Metsumura 1971). After’identification of fractions from homogenized .
" brain and VNC incobafed with 14C—dieldrin ig_zigrg, Telford and
Matsumura (1970) demomstrated 1ocalization of dieldrin mainly in cello—
lar structures.V Certain'fractione appeared to accomulate greeter corn-
centrations of 14C—dieldrin, particularly these whicheﬁere identifiedras
nerve endlng partlcles | | |

In contrast to the above flndlngs, Sellers and Guthrie (1971)
o_and Coons and Guthrie (1972) found_ H—dieldrin and H—DDT localized -
‘ebout.connective tissue of the neurel lamella of housefly thorecic
ganglia and P. emericana VNC. -No label was foundlassociated with nerve
- cell body -or gliai'cells | | | |

Apparently there was 1mteract10n ‘between merve membrane compo—'
hents end chlorlnated 1nsect1c1des. Numerous studles performed by
MatSUmura and his colleaoues (Matéumura and Hayashl 1966 1969 MatsumuraA

. and O'Brlen 1966a, 1966b) have shown DDT and dleldrln b1nd1ng or penetra—A

Ar tion w1th whole 1ntact and homogenlzed VNC and braln of the cockroach

-'Thls ”blndlng” was descrlbed as an 1nsect1c1de nerve membrane- llpoprotelnA,i;
complex of a cherge‘transfer nature w1thmf1rst order kinetic propertles

(Matsumura and O'Brien 1966a, 1966b). Binding of DDT and dieldrin to
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various fractions,of homogenized nat brain_and axonic nortions'of“cockei
~roach VNCvappeared to'be\similar (Matsumura and Hayashi 1969): 'Gmeater';
concentratlons of labeled DﬁT and dieldrin were‘found associated withl
'rat brain, myelln fragments,.nerve ending partlcles- and cell nuclei.
Nicotine compared well with ‘lindane and pthalin (1- cyclohexane 1,
2—d1carbox1m1domethyl 2,2—d1methy1-3—(2-methylpropeny1)-cyclopropane—
- cabexylate)"With gm-eater inSecti‘cide quan_t_ity in r,a't brain supernatant
andvmyelin'fragmentsf All insecticides, except-nicotine, were oonnd in
the‘nuclear:fraction; Uptake in subcellular‘components of‘cockfoach VNé
axon and:ganglia_did not'compafe well with-rat bralnjngreater concentra-
-tions of all the‘insecticldes tested were found in supernatant and cell‘
membranecfractions of the‘cockroach VNC.f | |
" Hantanaka, Hilton, and Ov'Bi'i_enA (1967) "préyided ev.i-d'e'nce‘_Whichl
tended to-refute the mork of Matsumura'and O'Brien>(196éa; 1966b). They
:observed that complex formatlon was a function of technlques It
appeared that nonnerve tlssue as well as detergent passed through sephae
dex.columns in a-51m11ar manner as DDT-nerve homogenate complexes,
Furthermore;ﬂbinoing, as indicated by sephadex columnlelution, was
accompliéhedVWithvnontoxic chemicals. llt'mould then appear that the’
cruc1a1 role of complex formation w1th tox1cants be considered relevant
only if the tox1c material was the only agent blndlng w1th target'
tissues.
Along these llnes,.there.wae ev1dence of DDT and dleldrln inter-

actlon w1th target and nontarget llpoprotelns (Barnola, Camejo, and.

Vlllecas, 1971 Jakubowsk1 and Crowder 1973) - DDT appeared to accumulate
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- in nerve flber plasma membranes where Barnola et al. (1971j, using ‘mono-
flayer spectrophotometrlcs, found reduetlons in fluorescence 1nten51ty ‘
assoc1ated w1th DDT and apparently a 11poprote1n structure of nerve cell
membranes U51ng d1a1y51s, Jakubowskl and Crowder (1973) demonstrated
4C dieldrin interaction with neural proteln above what was observed for
-varlous nontarget protelns.:'They-observed further that ;-C—dleldrin_
‘blnds to proteln alone. | |
A number of organochlorlne 1nsect1c1des hare been found asso-'
'01ated w1th cockroach haemolymph apparently b1nd1ng to plasma proteins

| and/or 11poprote1ns (Olson 1973; Skalsky and Guthrie 1975) Olson (1973)3-

_found 4C d1e1dr1n assoc1ated w1th 3 sephadex resolvable peaks out of 5,
N 1 protein with a MW of 18,900 daltons and 2 larger closely resolvable
-protelns (MW > 160 OOO) . This ev1dence»was relnforced by Skalsky ‘and
Guthrie  (1975) where; 4C—DD-T andfl4C—dieidrin were eluted with 2 pre-
dominant peaks of 5 by fon exehange chromatograpny with DEAE-Sephadex 7
A-50 (Pharmacia). The.0;4‘M fraetion was found»tovconsist“of 2 lipo-
~ proteins by ddsc gel electrophoresis. DDT and dieldrin appeared to bind i
' to:one.of~these:iipoproteins (MWVSZQ,OOO).T These studies raised a
rvarietypoffquestions expressed by'Skaisky,and Guthrie (1975): (1) Are
pesticides transported bypspecific proteins to-specific.sites of depo-
sition?»A(Z) Does tne bfnding of the pesticide to blood proteins:intera o
'fere wfth transport of endOgenousfmaterials? (3) What effect does the'
A:fpesticide'have-on the protein.to which it is Bound?r In addition,.the_
role'oflinsect haemolymph has not'been eompietely defined. Eyidence of

~high levels of DDT.uptake in cerebrospinal:fluid'of vertebrates .
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'(MOrrison71971j'woulddindicate a need to:stndy_nerve tissue and haemoe
dlymnh interactions in insects. ”

| ':A variety of neurohumoral,substances were found-inihaenolympn

V associated with activated centrallnerve tissue (Frontaii 1968; Gosbee;
'Milligan;.and Smallman 1968' Farley and.Evans 1972) Haemolymph drawn -
Vfrom cockroaches demonstratlng 51gns of stress from DDT 1ntox1cat10n,
1mmoblllzat10n of the 1limbs, electrlcal shock and other st1mu11 ad-

' Versely affected 1nsects and the1r nerve act1v1ty (Kearns 1956; Beament
1958; Sternburg, Chang, and Kearns 1959; Sternburg 1963). Isolated_VNC |
"appeared-torbe partlcularly sensltlve to haemolymph—born substance,
'factor "S”.(Sternburg etfal 1959; Cook, Dela Cuesta, and Pomonis 1969)
Factor "S" was found assoc1ated w1th a varlety of tlssues but was found }
in greatest quantlty in electrlcally stimulated 1solated nerve cords
‘(Cook et al. 1969). It appeared that’ thlS substance was acutely synap-
.tically»active and resembled a catecholamlne (Cook et al.-1969), a non-
chollnerglc synaptlc mediator (Flattum and Sternburg 1970), or a d1uret1c
‘_neurohormone (Ca51da and Maddrell 1971)

.Direct effects_of chlorlnated 1nsecticidesvon nervertissues

' studied by electrophysiology seemed to indicate‘peripheraivsensory
influences’assocfated with‘DDT (Roeder and Weiant 1946; Eaton and Stern-
| ourg 1964) and central affects associated with the cyclodienes (Lalonde
and Brown 1954; Wang,andeatsumura 1970).: NerVe tissue treated with
':chlorinated insecticides responded with repetitive discharges (Yeager
and Munson.1945,"Roeder’and,Wedant’1948, Lalonde and Brown 1954,'Wang

.'_and Matsumura 1970). These discharges can be modified by controlling
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:'certaln ion concentratlons in the medlnm bathlng the nerve (Gordon and’
Welsh 1948 Narahashl and Yamasakl 1960). Giant axons of cockroach VNC
have shown DDT lnfluenced repetltlve:dlscharge in response to‘a rise in
. the negative after potentialltNAP)-(Narahashi:and Yamasakig1960).‘ Nara-
hashirand Yamasaki.(1960) observed a-reouction in the NAP with a_rise
in'external potassiom concentration and NAP augmentation with reduced
cOncentrationsof-‘K+ in the bathinggmedium. From this evi&ence,_Naraé
'1hashi and Yamasaki'(1960) suggested that DDT acts on the cockroach nerve -
B membrane byasnppressing:potassium conductance, thus accelerating the

' falllng phase of the action potentlal (NAP) . |

Hayashl and Matsumura (1967) found that d1e1dr1n 1nf1nenced ion
exchange between nerve tissue of B. germanica and the external medium.
Dieldrin appeared to stimulate~sodinm and calcium ion exchange, but not :
potassium ioncefflux across the membrane. This.aCtivity;appeared_to‘ber
~correlated w1th symptoms of poisoning. |
' There 1s strong ev1dence that d1eldr1n acts on chollnerglc
o synaptlc Junctlons rather than-nerve membranes (Shankland and Schroeder‘_
1973). Dieldrin increased ganglionic activity. Gangilia.blocke'dr by an
.inhibitor of choline transport (hemicholinium-S)rdid not respond'to
.dieldrin, but did respond as predicted-to nicotinic and”muscarinic
cholinomimetics.‘,Shankland and Schroeder (1973)- hypothesized that
dieldrin acts by releasing presynaptic-stores of‘acetylcholine (ACh) .
Lalonde and Brown (1954) observed d1551m11ar actlons for a 1

,varerty of - 1nsect1c1des on sensory nerves of P. amerlcana 1solated from

the CNS. D1e1dr1n 1nduced repetltlve dlscharge of short trains of low
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: jvoltage sp1kes (50 uv) which increase in. frequency asua functlon of
trme.v Follow1ng a latent perlod of 3 hours, toxaphene generated lOO uv
spikeS‘at a frequency of'180 splkes/sec for 30 min. after ‘which all
activity ceased. - A 5-hour latent perlod preceded expre531on of chlor-
dane nenrotoxic1ty. L1ndane was effectlve l hour after treatment and
produced 2 to 4 50-100 uv splkes ln.short 1ntervals.r' |
Wang and Matsumnra (1970) therved toxaphene neurotoxicity in

B. germanica after a 14;minute latent period" Toxaphene appeared to be
more hlghly neurotoxic (threshold concentrat1on 6 x lO 7M) than in vivo
tox1c1ty indicated. D1eldr1n was found to have a relatlvely h1gh neuro- -
tox1c1ty (threshold concentratlonvl x 10 M) after a latent period of
35.2 minutes.. Dieldrinbneurotoxiclty cOmpared well_with ig_yizg_toxicityL

| Electrophyslology is.sensitive enoagh'to measure the function of
the nerye and small amonnts of chemically—lnduced damage.' Homever;ithef'
elucidation of the mode of action of chlorinated 1nsect1c1des must be
'sought through a multidisciplinary approach (Narahash1 1971 Brooks
: 1974). 1In that vein, a complete story on how toxaphene affects 1nsects
and}thelr QNS appeared necessary. This study was a comp051te -of f1ve
independent experimentsrf The aim was to determ1ne if- toxaphene had an
effect on the CNS of'two species.of cOCkroach; E: americana_and »
L: maderae,' It was»apprOachedphy examining'three fundamentals of toxi-
.'COlogy: (l) dose response.relationshlp and symptomology, (2) trans-g
plocatlon of the chem1cal 1n v1vo and 1n 213393 ‘and (3) demonstratlon of"

chem1cally-1nduced damage (Loomls 1968)



METHODS AND MATERIALS

.Chemicalsl'
| Techn1ca1 grade toxaphene (polychloroterpene) (Clo 10C18),
obtalned from the Hercules Powder Company, Inc. (Wllmlngton, Del.),
Cl toxaphene (batch sample X18276-11, spec1f1c act1v1ty 42 uC1/gm and |
nonradloactlve materlal (batch sample X16189- 49),were used in these -

investigations. Solutions .in mlneral.01l were prepared serlally from a

107y toxaphene in acetone stock.

Experimental Animals -
Adult”male cockroaches~(2-6 weeke postfinai molt), Leucophaea

;maderae (Fabricius) (chtyoptera Blattldae) and Perlplaneta amerlcana

. (Linnaeus) (Dictyoptera:BIattidae)_were‘chosen.for'study. They were
‘reared on a mikxture of honey,-glycerin; and Purina Dry Dog Chow (2:2:6,
V/V) and an ample water supply Colonles of each species were main-
'“talned separately in 5- gallon battery jars in a rearing ‘room (22 23 c,

»706 relative humldlty,'and a 12:12 llghtfdark cycle).

biseection
Insects were_anesthetized Witb‘COZ prior.to diSsection. They
YWere sacrificed by removing~the headé iege,,and Winge- A mid-dorsal
'inCision was made the entire lehgth of“the‘body. The body was placed on
- a petrl dlsh embedded w1th paraffln and plnned open, dorsal 51de up,
exposing the haemocoel. |

17
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Tissues werevrenoved and welghed in the follow1ng order ali¥
nentary canal, abdominal fat body, and ventral nerve cord (VNC) (second
“to the sixth ‘ganglion 1nc1u51ve).r VNC_used for-electrophy51ology were
pronptly cleared of fat body and tracheae and placed_in Narahashi saline
(Yamasaki and'Narahashi l959).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‘loxicityr

To evaluate the toxicity of toxaphene; the effectiwevdose for
50%.of(the popnlation'(ED-SO) and LD-50 determinations were made using
P. americana and L: maderae Insects were 1solated by pairs in plnt
"Masod:>3ars and allowed to adjust to the env1ronment w1thout food or .
water for 24 hours prior to experimentation.

The cockroaches were anesthetized w1th C02, weighed and 1n3ected'
- between the third and fourth abdom1na1 tergites with a 27- gauge needle
.InJection‘pnnctures were sealed with paraffin,:.‘ | |

‘ Twenty.P. americana, used as CQntrols,‘Were injected with
0.02 cc mlneral 0il in relatlon to the hlghest test dose 1evel 828. O ug
d"toxaphene in 0. 02 ce m1nera1 011 N1ne doses, 20.7 to 828.0 ug toxa-
"phene, were:tested using 10 1nsects for each dose»w1th 2 replicatesr
| .ALl maderae controls were-injected with 0520 cc mineral oil
‘corresponding to the hlghest test ‘dose level of 8. 28 mg toxaphene in

' 0 20 cc mineral 011 There were 13 test doses, 0. 21 ug to 8. 28 mg

toxaphene,_administered. There were 4 replicates of - lO 1nsects each,
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‘including controls for each time (24-120 hours)t Injected animals were

returned to their confines and observed for symptoms of poisoning.’

Radiométric Measurements

Samples were prepared for radloassay in 10 ml toluene—based
fluor (Appendlx A) Radloassay was performed using a Nuclear Chlcago ’
Model 6822 ambient temperature liquid scintillation spectrophotometer.
Samples were countedvfor~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.'VStandardbquench curves
Were'prepared for-eachvtrlal from control‘samples:and blanks |

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

, Penetration-of Toxaphene in ‘VNC

‘lsolated VNC.of L. maderae were incubated-with 0 5 ml'of a con-
centration (16—7 to lO 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'(Q.é ml
.mineral oil)'accompanied each'of the 6 replicates and were’incubated at’
25- 27°C for 24 hours w1th constant- agltatlon | |

Follow1ng 1ncubat10n VNC were removed from the flasks and taken
through a series of 4 rinses in 1.0 ml Narahashl sallne: rapld rinse of
0 5 sec., 100 sec., 10 min. ,'and 20 min. Rlnse volume was reduced by
arr evaporatlon, then together with materlal remalnlng in the flasks
was solublllzed w1th 5.0 ml NC§:>(Amersham/Searle) VNC were homogenlzedt

-1n 5.0 ml ground glass tlssue grlnders w1th 1. 0 ml NCS unt11 a clear
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homogenate_was'formed.‘_The homogenate was transferred to clean:scin—~
~ tillation Vials; and the tissue1grinders were rinsed 4 times with 1.0 ml -

aliquots of NCS., Thejsampies were then prepared for radioassay.}-,

Distribution of Toxaphene'in Tissues in Vivo .

, Dlstrlbutlon and uptake of Cl toxaphene by selected ‘tissues

- of L. maderae were studied by incubating an injected dose of 175 6 ug'in’,

0.05 cc mineral'oilnover time in vivo | Thls dose was determlned by '
‘radloassay of 0.05 cc 10 2M toxaphene in m1nera1 0il (N=110). Two sets
of 6 controls were prepared: '1nsects.1n3ected w1th-0.05 ccvmlnerai?oil,
and insects not.injeoted_bot anesthetized‘With C02} Fo1fowing‘an‘incﬁ-‘
bation period of 2, 4, 6, 8, 12, 24, 48, 72, 96, and 120 hours, tissues

were removedffrom asymptomatie (N=40, - each assay period) and'symptomatic o

insects CN=40). Haemolymph'was'obtained'by-centrifuging insects at:650

rpm for 1 minute in a method 51m11ar to that descrlbed by Sternberg and B

Corrigan (1959). The haemolymph obtalned (approx1amtely l ml) was
f -solublllzed with 2 0 ml1 NCS in the collectlng centrlfuge by v1gorous
.agltat;on. After dlssectlon fat body, allmentary canal, and VNC were
homogenized<w1th 2.0 m1 NCS in 5.0 ml ground glass tlssue.grlnders.
‘Samples werefthen prepared for radioassaY;

Gasiohromatogramsvwere preparedffrom'tissue,extraets to deter-
minevif the radiolabeled material»fouhd'assoeiated With’tﬁe:tissues ‘was
 toxaphene orda Metaboiite (FigA 1),: Haemolymph was - obtalned as above, B

:but centrlfuged in tubes contalnlng O 2 ml H,0 so that clumplng could be

2

. avoided. After dlssectlon allmentary canal, fat body, and ‘VNC were -

homogenlzed in O 1 ml H 0 per mg of tlssue and then transferred to
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and fat body for radioassay and gas

haemolymph, "
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_ oentrifuge tubes}' The tlssues were v1gorously agltated for approx1mate1y_
.1 m1nute in 1. O ml aeetone to lyse the cells The volume was brought to
7'5;0 ml by addlng'ethyl ether. Aqueous and apolar‘layers mere separated
‘and removed to sc1nt111at10n v1als after 2 extractlons Aqueousmleyers 
vfrom 48 tissue samples, representlng 6. asymptomatlc and li symptomatic

L maderae at 120 hours, were preparedzfor radloassay Apoler layers

from tissues (N-SO) of 6 asymptomatic and 4 symptomatlc cockrodches were
Aprepared for radloassay " Both layers were air drled to 0.25 cc prior to

solublllzatlon in ‘NCS. |

- Gas chromatography (GC) was performed:in a Tracor MTQZO gas

'ichrometograph by eleetron capture-using a OV17—QF1 column (isothermal
'»temperatureAl70°C);with a gas flow retefof.60 ml Nzkmiuute; amd oven and
Port temperaturesiof 180°Cvand'ZSS;Cirespectively.4vGas chromatograms;
m4’each of>eacultissue,;were made.from‘SZ apolar tissue'extracts.of 16
asymptometio and 16 symptomatic cockroaches. In'éddition, 5 gas chromato-
) grams were made from the feces'of}asymptomatic insects prepared in like -

~ manner to alimentary canal, fat body; and VNC.

Eiectrophysiology ofxisolatedJVNC
Electrophysiological studies were performed usiug an extra-
';&eliuler’suctiom,electrode_system'(Floreytand Krieba1’1966). Glass
'capiilary tubes, fashioned,tO'abproximate the‘outer diameter of ellength ,
- of VNC, ~were used to.echieVe contaet with:avAg-AgC1'e1ectrode through a
'tlght junctlon w1th 1ntracaplllary saline (Flg 2). A Ag—AgCl rod

‘ 'O 5 mm in dlameter and 3 O cm 1ong, was used as the indifferent electrode 3 ¥








































































































































































































































































