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SOME ACUTE AND CHRONIC EFFECTS OF ENDRIN ON THF BRAIN

I. Introduction. Two series of experiments were inliiated: one
TTntil the chlorinated hydrocarbon pesticides was designed to analyze of acute adminiptration

(CIHPs) are more sharply limited in use they will of selected CHPs on the brain, the second to ana-
continue to present a potential hazard to aerial lyze the consequences of chronic exposure to
applicator personnel: The CHPs are neurotoxins CI1Ps. In both studies, changes in brain bio-
which- can, in sufficiently high doses, cause be- electrogenesis were used as indrces of CIP ac-
havioral disorders, convulsions and death (Win- tion. Two types of brain potentials were studied.
teringham and Barnes, 1955/ James and Davis, Evoked potentials (EPs) are thore induced in
1965; Hayes, 1965). Although applicators seldom specific brain- nuclei by stimuli controlled by the
receive single doses of these compounds large experimenter. The EPs are easy to analyze and
enough to cause seizures, it is necessary to eval- were intended to be the primary data of these ex-
uate whether brain functions can be affected by: periments. Spontaneous activity as recorded on
1. subconvulsive single doses, or 2. chronic ex- the electro-encephalogram (BEG) is that occur-
psure. ring in the absence of any overt external stimuli.

The EEG is a sensitive qualitative indicator of
Toxic concentrations of CHPs in the brain can drug actions but is very difficult to quantitate or

arise in two ways, Accidental exposure may oc- analyze (Fink, 1969).
cur and absorption of the CHPs can then result in
acute poisoning. More generally, CHPs are pres- It would be most desirable to test the effects
ent in and absorbed from our environment. These of the CHPs directly in man. However, in tox-
CHPs are stored in varying amounts in body icity studies, such as this, it is necessary that
fat and lipid (Hayes, 1965), and this chronically dosage be manipulated over a very large range.

stored CHP could also represent a hazard if: This cannot be done with the CHPs in man dile

a) continuous release from storage occurred at a to the extremely hazardous nature of these com-
"significant" rate; b) sufficient amounts could be pounds. Consequently, these experiments were
released from storage by stimuli such as starva- designed for and executed in animals selected,
tion or emotional stress; c) some quantity of CHP as will be noted, for their applicability to the

was strongly bound to nerve cell membrane and questions to be asked.

thus cpused a "permanent" alteration in the func- Anecdotal evidence from aerial applicator per-
tions of the neurone. Some direct or speculative sonnel available in this luboratory suggested that
evidence can be adduced for each of these possi- CHP'., partinularly endrin, significantly affected
hilities (e.g. Date et aL., 1962; Haymaker et al.. visual mechanisms in the brain. Studies in ani-
1946) but more information seemed desirable ii mals lend some support to this (Bundren et al.,
view of the potential hazards involved. 1952; James and Davis, 1965). This hypothesis,

Such information, on the mechanisms of the though speculative, did suggest the choice of the
toxic actions of the CHPs on the brain, is useful neuronal pathways used in our studies. Revzinand K-arten (1966/67) have described an avian
in two ways. Knowledge bout the effects on the visual projection pathway from retina to optic
brain can be used to predict the exposure levels tectum, thence to nucleus rotundus thalami and
at which performance changes may be expected thence to ecotostriatum (a large telenceplalic
in exposed aerial app)licator personnel. The nucleus). The rotundo-ectostriatal projection of-
changes in brain functions, mirrored in BEG fers u:ique advantages as a neuropharmacological
shifts, may be useful in the diagnosi4 of or eval- test. site, for nucleus rotundus has only one set of
uation of the extent of poisoning. afferent fibers, that from the optic tectum (Karten



'and Re'zin. 14)t6) whilte e ostriatum has but vents exert any effects of their own. Conven-
two sets of atlerents. that from rotundus and tional electrophysiological ink writing and oscil-
from tie ascending reticular activating system loscopic recording techniques were used and an
(ARAS). Thus. recording electrodes in ectostria- ND-800 "Enhancetron" was used to compute
tun can sample responses to two, and only two. average evoked potentials.
input systems. Such isolation greatly simplifies B. 8902irel Money& Male squirrel monkeys
the interpretation of drug effects. Consequently, (Saimiri sciureus weighing at least 600 gramstiacute experiments were done on anesthetized (airisueswegng tlat60gamtit aciteexprimntswer doe o anstletied were anesthetized with pentobarbital and placedpigeons. It was also desirable to extend the re- wr ansteti ithupent o lar tanledin a stereotaxic instrument. Bipolar stainless
sults to mammals, and to do chronic studies whichare echicaly iffcul in ~igons Threfre, steel wire electrodes were positioned in visual
aire technicall difficult in pigeons. Therefore, cortex bilaterally, lateral geniculate body, su-

squirrel monkeys (Saimiri ;ciireus) were used perior colliculus, lateral amygdalar nucleus and
in tliv r'lroniL. Atiak. vetLral hippocampus. Electrodes were also posi-

Endrin is the most toxic of the commonly avail- tioned in the pulvinar nucleus and temporal cor-
able CHPs (Radeleff, 1964), and was a source tex in two animals, but these leads, unfortunately,
of great concern when these studies were begun. developed defects and were unusable. Wire leads.
Therefore. both acute and chronic experiments were run from the electrodes to a "micro-ribbon"
were done using endrin. DDT and lindane have connector and the assembly was anchored to the
also been studid in the acute experiments since animal's skull by wood screws and dental acrylic.
they represent 6ther groups of CHPs in use. A standard recording sequence was followed

for all animals. Two to three weeks after theII. Methods. surgical procedures the recordings began. Each
A. Pigeom. Urethane anesthetized white car- morning the animal was placed in a conventional

neaux pigeons were used. The animals were held two-plate restraint chair and a cable was plugged
in a special her, d holder. Electrodes were posi- in to connect the electrodes to the stimulating and
tioned stereotaxically (Karten and Hodos, 19M5) recording apparatus. Stimulating pulses were
and their location was confirmed histologically at derived from Tektronix waveform generators via
the end of the experiment, using !rozen sections a Bioelectric Instruments isolator. Inputs from
of "he brain stained with cresyl violet acetate. recording electrodes were taken to a Grass Model
The recording electrodes were micropipettes filled 6 EEG machine for ink recordings of BEGs.
with 3M NaCl with a tip resistance of around one EPs were recorded using a Nuclear Data ND-800
megohm. Stimulating electrodes were 3-barrelled averager and an X-Y recorder. EEG record-
micropipettes (Tripettes) with an over-all tip ings were taken from all leads. The evoked po-
diameter of about 50 jan, filled with either 3M tentials recorded included lateral geiculate-
NaCI or with 0.9% NaCl solutions. The small visual cortex, superior colliculus-lateral geniculate
size of these tripettes permitted stimulation of and amygdala-hippocampus. Stimulus param-
very small tissue volumes, a desideratum in the eters and amplifier gains were constant through-
small brain of the pigeon. Recording electrodes out the months of the study.
were positioned, usually, in hyperstriatum acces- A complete cycle of EEG and EP recordings
sorium, neostriatun caudale and ectostriatum was taken hourly for 8 hours, then the animal
(Fig. 1). Stimulating electrodes were placed in was returned to its cage. This was done for 5
nucleus rotundus thalami and in nuclei of the days per week; the animal was then undisturbed
ascending reticular activating system (ARAS), for 2 days. After 4 weeks or more of recordings
chiefly nucleus pontis oralis. The CHPs in the for normative data, drug administration was be-
pigeon were most usually given intravenously gun. The endrin was injected intramuscularly
in an emulsion of corn oil and saline, the emul- in a corn oil and saline emulsion. Injection
sifying detergent being polyoxoethylene sorbitan volume did not exceed 0.05 cc and injections of
mono-oleate. Solutions of the CliPs in ethyl "blank" emulsion were given throughout the
alcohol or dimethyl sulfoxide were also used. "normative" and recovery periods to control for
There was no qualitative difference relative to injection and solvent artefacts. The drug was
CHP effects among the solvents, nor did the ol- injected after the second recording of the day,
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so that onl each (lay there were 2 jpre-(lrtig and G endrin effects hegan to dlevelop within 15 minutes

ipost.-drtig recordings. 1)Iigl admsinistrat ion wits ofinjection, the mlaximlum effects werea seenl In
vontinued unitil seiznire phleniomiena were seen ii :10-40I minutes and thle "iffects persisted for the

I le E EG. Endrin injection wits then stopJpedl remiiainder of the experiment, 6-7 hours. No

and recovery wits followed for lit least one noith. statistically significant changes were seen in the
Th'lree monkeys have beeni studied to date, "Char- secondary wave.

lie.- "Bob" and "Jim." l)Y' ont vast to endrin, had no significant

ect onl tite- primazry negati%- ", LVtV Of tAIC re-
111. Results. spous. )DT dlid, howeveri. facilitate, tile secoiid-

Acue t'id~e.~inI'~eo.F'igur-elstunnmarizes ary wave of tile responsc. mhis wass .een either

the results of the evoked p)otenltial studies in as ti anboluhte inease. in secondlary wave aili

anesthtetized pigeons. ,As can Ile, seen in tile inset tildeC or, ill flrger. doses, ais thle aplpearaince of

sketch in Figure 1, the rotiurlo-Petostriatal ev-oked thle secondary wave afterlDDT inseet ion. when nto

p)otentiatl has several components. TIhte initial secondaiy '.u vo had been prcw,' Ai1 the( control

r-adiation response is'(tet h activitv in tile recordings Tile threshold (lose for this DDT

terminal ends of the nerve fibers carr1ying tile effect wits 2.5 ing/kg: maxiimi effects were. rEen

nlerve impulses resultingr fromt tile electri(al stiml- at10 mg/kg Th D fecsa erlwti
ultdno nceu ottdis herditioi 45 minutes of injection: maximum effects de-

sp)ouse was iiot. aflerCId by tiny of the CYiPs veloped within 2 hours and persisted for the

tested, and will not be fur~ther discu ssed. The duration of tile experiment, C-7 hotirs (Figure 1).

late, positive-going components, of thle evoked po- Linclane affected both the primary and( second-

tential were affected by the CliPs bult the changes ary negative waves, although, in contrast to DDT.

paralIleled those seen more clearly in the nega- scnaywv hne eentmaill

tive waves (ITh the Figuire, negative deflections seen. Thr-eshold doses of lindane were 3-5 mil

tire up~ward). kg: niaxiiniiin effects were seen after 1.5-20 mg/

Following the radiation response there -ire two kg. Lindane effects were seen within :30 seconds5

overlapping negative waves, the primary andl of thle beginning of injection: maximum effects

seodaynegative waves or responses. Thle Were seen within one minute and thle responses to

significance of the negative wiaves may b~e b~riefly control amplitudes in 1-2 hours (Figuire 1).

suimmarized. The incoming impulWs from the( in summary, endrin affected thle primary nega-

stimulated nucleus rotundus excite the neurones tire wav-e ofthe rpt undo-ectostriatal evoked re-

in ectostriatum. The p~rimary negutive w~ave is spne DDT affected. the secondary wave, and
at reflection of the bioelectric events occurring lnaeafce oh hraooialti

during this excitation. Tile stimulated ectostriatal means thant endrin and DDT lct, inl this *svqteni

neutrones, in turn, excite and inhibit other ecto- at least, onl different receptor sites while linidane

striatal neurones, which like those primarily ma1r1 act onl both "endrin" and "1DDT** receptors.

stimulated, may either termitnte within d'cto- S'imilar conclusions regarding these CITI's have

striatum or send projections; to other braiin nuclei, bleen reacbed, based on railically -different tip-

Thle seondary negative wave represents, in large. proaches (Georghiou, 1905: Sohloway. 1965).

part, the activation of these other ectostriatal Thus, where more than one of these CUIPs is
neurones. Thle secondary waves were sen iii 40~ present in ani animal. theii brain effects will be

of the animals studied. indepe*ndent of each other. Note. honwever. that

Endrin enhanced, or facilitated, the primary since endrin. DDT and lindane aire convulsants.

negative wave of the rotundo-eelostrinan evoked their effects will tend to add. phienomenologically

respomnse. The threshold dose for this facilitation at least. The availitble evidence (llevzin. 1966:

was 0.5 mg/kg. Manxinkuni effects of endrin were Revzin. 1906 and in prepaitltifln) indicatos that

seen at around 3.0 mg/kg, a dose which was near. tile CHIP effects ablove are due to :t direct action

or at, seinure threshold. "Maximum increases on ectristriatal nemrones. Since ectostriatumi is a

seen ratngeti up to 2.50%7, of control amplitude. visual sys4tem nucleus in birds. (Revzin and(

although the response. even to large doses, was Karten, 196619V7: Revzin. in preparation), these

usually rather icss; than this (Figure 1). The (1111"s can effec.. visual perfomiauce in expos.ed
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A1111: I .I I 111 IS '4011( : ko he~ noted 'that, for eaech marked with at great increase in "spiking" and
(I111' fv-I eele.i~Ii 1111t-414111 osef r .FI' ells high freqtiiency activity (Figuire 2). Behavioural
%%I, ls :1 11 _, 2:6,f 44 till. Sezr IIIhrehhld dose. observations, though imprecise, suggested that the
The proil e i ' iltif eth is "-ill I" llyy ttved behavioural chAnges paralleled the FAFG changes.

:1t l-ptl It ~iei± ill litIle 'g-elera I (liseiissiott. Ani increase in excitability or irritability was seen
ai endrin dosage continued, together with a va-

Shd, ;I~f~.~ ~ 1,k !P'. rietv of visual and sexual automatisins.
A.*,okr/ l'oti 04,..t/. Tihe St tilies lttt1lertitkel ill At a total dlose of 10 mig/kg, seizures developed

1114 4c1-ici' oitic icoevs; %%erv' %etl latrgely oriented in aill leads, though activity in amygdala is most
tetwurd l ;ealthses oeel ee leoteItials:is a resullt prominent in Figure 2. Dluring the seizure the
o'Ifl itth iiiis ill the pio~.!'ti sit tlies. iThe El nionkevs execlids were closed andi twitching, there
sitlidies., reported below, Were, in Some respects, was somic limb rigidity, and occasional clonic
ant atetthiotght. I l HOwr t Significant etidrinl- movements and severe salivation together with
indhueed evhange~s ill evoled potential eharacter- penile erection were seen. The seizure lasted

%%VIVe .40v ill this stildy. Sonme suigges- about 2 minutes, and recurred at .30-10 minute
lye t rendls were~t present and are serving as a inICLrVIlS for about .31 hotirs. Full "4grand mal"

hentsis fill at fresh PXIX-ritttetital apperoavhm, but epileptiformn seizure phenomena were not seen in
fiurther. tiseissiloim of tile evoked potential data any of the 3 "chronic" animals, although such
is tiot relevatt to tlhe present paper since tile re- pa:tterns could be induced by much larg~r, and
Sults Were Ieaie lethal, quantities (unpubli.3he3 observations).

A'A'G. Spontaneous brain electrical activity Endrin administration was discontinued after
was mtonitoredl at :ill fumctioning eletroides. Ile- the seizures, through recordings and "blank" in-
hiaviotirit niote.- were atlso madle in the protocol jections continued. Three weeks after the sei-
to ind~icateC the state of th~e animal (sleepy, alert, zures. EEG's and behaivior were still,"abnormnal"
excited, inoving violently, etc.) duiring the re- (Figure 2). At the end of this three weeks,
coml1ings. However, thle atnalysis of EE(G records recordings on Charlie were discontinued and the
presents somec diflietilties. It is a simple matter to other two animals, Bob and Jim, were studied,
41ee1id whether or not ai seizure was P~resent, as seriatim. Results of these experiments were
ai brief look at Figure 2 and Figure 3i will show, similar to those in Charlie in that EEG changes
It. is a miuch more dlifficult matter to decide and behavior changes were seen after rela-
whether, andi to what extent, any given reirording tively small total doses (of the order of 0.5-1.0
ditlems from another. Ini lractice, the combined mgr/kg) and general elecitrographic seizures even-
jiilgments of three experienced observers were tually dev-elolped. However, the daily endrin
suipplemented by "naive" observers from other doses used in Bob and Jim were larger than in
laboratories. all looking at control and experi- Charlie and the total doses at which. seizures de-
mtental recordings- which were matched for "alert- veloped were of the order of half that for Charlie.
ties,,.** time of da~y and other variables. Thus$ ex- The EEG,; of Bob and Jim returned very nearly
cept for- "seizure versus non-sei,.ure," all the fol- to pre-injection baseline within 2 weeks of stop-
lowing EEG data are qualitative and mnust be ping endrin.

egartd ithesomefe cation iteil wt s indicated, after their experimental trials,
gardto treshld erect. ,Charlie, Bob and Jim were simply maintained

'rite first animal sttudied wvas Charlie (Figure in their home cages. Over a period of months,
2). (Charlie wits given endrin itt thle rate of 0.2 the animals' behavior returned toward control
tug/kg/day. After 5 (lays some EEG changes levels, the only overt signs of poisoning being
wvere seen. though admittedly very slight. As the "htyperirritability" and weighit loss.. Then. re-
expierimnent pr~ogressedl, the EEG changes became cordings were resumed for a week or two in each
progressively more severe, though the rate of animal to check long-term EE4G changes fay
4ltange was slow. After 4 weeks, the dlose rate The events seen during this week were identical
was increasedi to 0.4 tug/kg,/day aind the rate in all animals, and will be described as they
of chiange of the EEC, incerei-sed. After a tot-al occurred in Bob, the animal receiving the lowest
dose of 9.0 ig/kg the EEC,(, changes were quite total dose of endrin (4.5 mg/kg).

4



13ob wits la~ced ill tile restraint chair and re- p~oisonedl animals can he affected in the absence
COrdigs were b~eguti t 10 :0() jkA. oI It Moniday. (of flt- tremaors and seizure., gener~dly considered
The animal was Obviously distressed by this to he the overt signs of ClI11' intoxicaition. Two
procedure for there was much straaggliiig and[ questions arise immnediately: 1. Are the conclu-
vocilization in the chair, It sharp contrast to sions valid for animals other than pigeons? 2. Do
Bob's quiet and vooperat iv e ha vior (1 iring t ile4 such CHIP-induced changes in britain elect rogeilesis
entire course of the maini experiment. Thew EEG; vonstituite at hazard for mail. However, to take
ait this time showed mnore -spuiking- thani several just two points. tile participants ill a1 atent SVymn-
moilths before, but was nlot strikiiigly abnormaal fiosilmmi oil ".ui ti*ort ical Visuial Systems inl Wilre-
andl soon "quieted (down- (F'igure 3-a os lrts ran eiuir:nlLoltition, 1970, in
lbehavioral (listress5 abated. Th'lis pattern Coil- preparatioW agreedl that there ;, high degree
tinnued without mluch chluung' until 12 :10 P..of similarity iii thle orgaiuizatiomi amfl function of
when sonme blinking, starig and other vismitl the brains of reptiles, b~irdls anld mlammllals.
atutomatisms appeared. neliy were similar to Fim rtl ermuore. thle behmavioral s ejuiel ne :in(l sei -
those seen during thle endrin-iduced seizures in ziure pat tei )is seeni after lethal (loses of tile CHJPs
this anlimal and were assoeiated with abnlormal were similar whent cested in p~igeons, .its and
trains of spikes in the lateral geniculate body monkeys (llevzin, unpublished observations:
(Figure 3). Tile EEG abnormalities and be- Ra~delelr. 19C4: Winteringhain aund Barnes, 1955).
Iavioral changes becair--r mrnnked uintil, at For these reasons, Iliflo n any. tile CTP-a 111111 be
12 :45 P.MIN., full electrographic seizures developed, exp~ectedl to cause similar, but mot necessarily
initially in the lateral geniculate and in striate identical, brain dy-sfunctions in :a1l vertebrates.
cortex (Figurn I). Thle seizure pattern was It is more difficult to address the question of
identical to that induced 1w enldrin a(Iministra- the extent of thme hazard p~osedl by the effects on
tion 4 months before. Seizures recurred ,at 1 :30 the brain of suhi-lethal doses of Cli13s. Thle
P.M. (Figure 3) and at 3 :00 P."M. It must answer to this question becomes, primarily a ques-
he -emphasized that Bob had received no injec- tion of dose, hlow much CUJP is lpresent, the time
tions of any kind for nearly four mlonths, and that interval over which exposure occurs, the amount
endrin had been discontinued 17 weeks pre- of stored ('HP and so forth. Thus, the answer
viously. The next day, Tuesday, Bob wats less to thuis question is intimately involved with the
disturbed at being p~ut in time chair and flo second general conclusion from thme reported work,
seizures occurred, though the EEG seemed grossly and will be discussed with it in the following
abnormal. By Wednesday, Bob was again paragraphs.
adapted to the experimental routine and the The second general conclusion of this papeWr is*
EEGT throughout this day, and those following, that CHPs "stored" in body fat or lipid are not
resembled the 12 :05 record in Figuire .3-which toxicologically inert but, rather, . an be mobilized
was not, very different from the control period an ma hncuetxic responses in the brain.

recods.This wats shown by the recurrence of seizures in
In summary, the chronic monkey studies have monkeys some four months; after endrin injections

demonstrated that chronic administration of end- had stopped. The mechanism for the seizure re-
rin can. lead to convulsions. This wats, perhaps, currence, is obs-cure. The CliPs could have been
not surprising (Winteringhiam and Barnes, 10515). released from body fat as a sequelae of emotional
Howebver, the recurrence of seizures, under stress stress, or thme coinlpoiundls could have been b',und
conditions, months after termination of endrin in the. brain substance and thus have alter d the
administration demonstrates most emphatically response of the central nervous system to stress
that the endrin stored in the body after exposure Conditions. Tme author prefers the former ex-
can not be regarded as toxicologically inert. planation, although available data is iconclusive.

General Discussion. Three general conclu- It, is extremely unlikely that the seizures were a
sions emerge from thme p~receding work. The mechanical artefact caiused, say, by mnovemnents of
first conclusion is that C11Ps can affect central thWlg-lcrdeasmly. C onsider the follow-
nervous system sensory, processing at doses sub- in-, points: the seizures -developed over two to
stantially below lethal or convulsiv-e levels. Coii- thre hours aI t fer the animali wis coinnected to the
sequently, thle performance and Ilehavior of the apparatus: thle seizures were seen only onl the



I,.. . ~~ lld thq. VE im.t ; :tl,tptu1it ip.4 tile abo(ve Cstinflftedl "litztcdoim" levels are as
'f 1-i~~.. theli :tttilai:!.-; readiIlshft.1 14) thle I~oinlitlerall v iV tile levelsgeeil'e-

Ill111-i-- :11111:k: hen W.41414) litiiva, I vi- I OWN) In this respect, M least, the MlIPS can-
411 i. iit i.' e~~teli!.t i m l.-igir :tt tilt not pireset'ly be called htealth hazards to thle

I 14-- 1 )~i f i-,(e Ii I a Iil t -'u''et e t I (.lis. genieral pbibitt. ocellpationalvy expo)sed per-
-, lil ~ te ns. 011:t it. 1 till- suivziiiels w41r1 SMnS stlh ais aerial or other apjplicator personnel

11411 m it.l t 40, lio.:i I iilr.-Iii t;t 41:11II:igre toi miay well have littzardois ( 1 1 1 ' levels. mris is
014e. Ilratin. efiuse for legitimate concern sinve it could be

The' :Ililti:Ii sl lmto lu 11.±les a. ~ ~ :ssocited witht impaired performance and sill.

I tIiI t.. ivetI iii:tI nd i .1 ~...~ l ~, ~~. sequecnt aircraft accidents.
the14114. .P tug k" is :. %erv I:11-4. (liiW if e'idr il Thie third g~enerml conclusion from these dlatai is

wlnlt.:1!:u 'rvn'i-4,11, t.iltv. w4ou1l Iewt to) t hat, HT4G phenomuena will probab~ly ble usefull
rai''tt i ills ill the fat of l*tiiikt'vs off abiout ill diagnosis of p~oisoniing dune to 6-l17s. The

:1:0 111)i1. a fte'r 1 4111 r 1t1,tl11 II. The pigt'4ili stutdies F.(1 Changes were seen in all anlimlals, were
.i1i1tel. :1114l 1iit. 1ttitptihlislituI ) t)xit'iI v stildies '10:sistexit in paitter'n and appeared ait relatively
'hoed 01: tlilt- ratio 1WI tlt-' threlt',4Itl4ost foi. low dloses of tile. ClIPs. It thus seems likely
1i:1 I' *'i-rt (Z$14) th lth irt'i'l I hti"t' Itl t'eizilrt's was that thle ClIP-induiced C1101gom 'in thle EEGI (in;-
alien,11 :0:1 for' t'ilt iit. 14J 0-:11 btle :aile to ble 4crpees in amnplitude, frequiency, a~nd "'spiking-:
'ImselwaVt i l-t :1titd :1 lOw W i' ti~~tii'ill~j- dlecreases in alpha-type activity) canti be used as

I t''Li~if t s, h i'i stress Iit) Iin :imati~l eairrv- a b~asis for diagnosis of poisoning although Imutel
Mgi .2.. jiptil of 'ilitli it, it', fat 4-:1ii indiuce sei- miore~ work is needed to isolate tile relevaInt

.111.4'.. thet saitt 4 tr(O'5 to):1 *i!I azmnl~i Mtorinlf -2..5 diagnmostic criteria.

Ihavioral1 t'lianes. Againl. to lie 4'onlSprtvie. I* Sm a'
it aIp+- ,fy tha~t 0.;.. il I*'' pp of enfdrill in bojdi Evidence is presented showing that pesticides
fat iirain or mani owi :Iniiials m. A1 lie hiazardlous. canl affect brain bioelectric phenomena t (lose.,
N844.' that 1ltese "i11iteutially hlazardouls levels** are wvell below these causing seizures or other gross

1,11141it est iliim. ates itd )ilt .1 variety of 41a:11: onl rates behavioral channges. Chronic administration of
off t'Iimiinaititri. mmilef llit' patterns :111d1 pereenltage high levels of endrin induced seizures in squirrel

4iwitliv ra:t in .1i he itiis 'onerited. lossily monkeys. Sonme months after termination of
fill- this, reasoit. pibi vl 6bealise stress release endriti administration ,the seizures recurred, uin-
";u1t-SP' ijhiler thvalt nlormual hwu/ levels of ("TIP, dlet- stress conditions, it is suggested that this
( Keauef indl zavloil f069). tit(' "pitentitllv lut1z- phienomenon may be ciac to a stress-induced re-

*irf11lpII' levelis" estinlao'( above tire lower thtan lease of endrin from body fat. Some imp~lications
those W-4u11lly c'ited atS 4:IlW,'if toxie reaietions of these findings for aierial applicator persnnel
iA intf'ri tni l antd Batrnes. 19-55). However. are discussed.
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CHARLIE

PRE-INJECTION BASELINE RECORDINGS
AMY r - . -"." --. V *A b- h -- W---% ; Z#OO V.

HPC tAi-

S, Coll. 
A,.

NPT :

Total dose 9mg/kg IM

*..CC,. .J,.~ 
1

> ju4. *,. -i' :44 *. *

P1, . " .. • . ,ll• *" ' 1 . £ CI' . '* +

. , .. : . , .... . .

Total doe over 2 mos. -. 10 mgs/kg IM

Aml

'a I' ' ; 'AP

#'0,

.,un 2 , .EE reod taken fron# I ", t the* monke "Cale bfr , duin Sin afe chic enri .,jeo" ,

coto 'mm was. tae jui beor 'i .......... began... .... 'rh ....... in"'"" e re.o"'; ]r take "' wek afte thN , • , com ,ex: . l .,.o *. • .iLu: C.X.' . ".I s . .

. ,.•

Pittme, 2. EE PG records, taken front the monkey "Charlie" befor'e, (lringz and after chronic endrin injection-the
control recor, wits takenm just bePfore drugl Iiijection hbegun. The "9 mg:/kg" record was taken .S weeks' after" the
(ohltrol. The+ "10 mg/kg " record was~p taken Iweek later nd the recovery- record wa.s maide : weeks later still.
Ahhreitions: "AMY. lateral antyglalar nucleus: HIP('. ventral hlplsmanipus,: Wp, lateral geniculate Ibody:
,NI' Ilsterior thnhumni, titclear conplex: S. C'oil, superior comlikimlus: .T. C'X.. striate cortex.
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AMY 1 40jj
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St. CXI

12:05 A.M.

12:10 A.M.

-. Al. oV.

12:45 P. M.

1: 30 P.M.

to' jAOw A.01% 4

5 aim

Fiouty. 3.' Recordsi fromt liob taken 17 weeksL itfter c.idrin was discontinued and 14 weeks after the last Previous
recording. Note development of secizures 2 hourq and 45 minutes after the first recording or about 3 hours

after the animal was placed In the restraint chair. lintlar phenomena were seem In the other animals. Ab-
breflatlone: AMY. lateral amyxdalar nucleus; HPC, ventral hiiipocampus; W,9, lateral geniculate body; S. Coil.

superior eollfrulum: ST. Cx.t, Ipsilateral striate cortex; ST. Cx.2 , contralateral striate cortex.
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