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Acuac:, Subchronic,llnd Chronic Toxiciiy or Chlordcconc. I.AIISON, P. S., Eoa.~;, J, J.. .. JR., 
HENtiUOAK, c;, R., LA,.r:, R., W., AND IJoM.ZEW.CA, J, F. (19711), Tox/tol, Appl. Phurmurol. 
411, :9-41. 01'111 I.J)~O values were 132 ml:}lcJ for rmle 1'115, 126 mll/k& for rcmllle raiS, 
7l mll/k& ror mule rubbils, and opproxlm11tely :50 mll/kll ror dop. The percutaneou' 
1.050 for mole rubbils was 4 I 0 mll.lkg. ~oths were prcecdcd by the development or severe 
tremors. Ciross 11utopsy tlndlmts were c:nc:ntwlly ne~U~tiYe, Rats were r~ chlordecone in 
c:ong:ntrotiom or I, 5, 10, :5, and liO ppm for up to 2. ~n. All nils on 50 11nd 1!0 ppm 
'di(d durin& the flril 6 months. Dcpreucd growth occurred at concentrations at low 111 

10 rpm for fc:mah:s and !.~ ppm for males. Food con•umptlon tc:ndc:d lo inci'CIIsc , .. lhc 
dic:lllry concentration or c:hlordCCoi\C becl&mc: srcalc:r. This effect wa• assochuod with a 
rrteAsured lncrea~oe in the metabolic rate. Concentrations or 5 ppm 11nd hi!lhcr Accelerated 
und ·inu:nsillc:d the rate or drvelopment or protcinurili. Inc~ liver-to-body wei11ht 

.. ·nul~ were con&lltc:ntly ol»c:rv~. Elc:vatcd ratios ror other or~ns tnQsurcd (kidney, hcan. 
•Pic:cn, und tt\lesl were r(lund ul certain period•, hut 111 hillher chlordeconc conccntrution1 
lhun reqUirt!d for liver. Prin.:iPDI histopatholo~:ic nndln~'J In l'llll were dt:l!Cnc:ratlve 
chanan in IIYer cells (fully changes, hyperpla~ia), kidney ICiion• (primarily lllomerulo
Kicroslsl, und tc5liculnr :urophy, Hr.motoc:rlt and hemoglobin Yalu~ were r'C(luccd In mt1 
reccivrng conccnmulons or :5 Pl'm and above. There was no c:vldencc or 11 clouln11 defect, 
alrhouJI,h &omc I'll!& reccivlna ~0 and HO I'Pm ~hawed a blc:cdlna u:nde~. lkaale do~ fed 
chlordeco~ ut concentration• or 1,5. and !S p!'m fCir f)Criods Ul' to 1:7 week• ellhlblted 
rc:w !:ron or histopathOIOIIil: si11n1 or IOxichy, 

·1\lnruec:one (dccac:hlorotctrneyc:lodcc:anonc) 
a polyC)'c:lic: chlorinated compound also 

1uwn by the commercial nnmc, Kcponc. It 
.~. bcr:n u~r:ful in controlling variou!l insect:~ 
1C:h U!o· roache~. ants, the bnnunu root borer, 
,d the tobacco wireworm. It ir. lipophilic: 
1rJ very· persistent in the environment 
• :ctcalr ~I a/., 1973), The production or this 

~U.J'IflOned In· purt by a grant from lhe Ciei\CI'III 
•~:m~~::~l Di~i,lon or Allied CI'Cmlcal Corpora lion. 
· ~>~.·~!"rnc:nt or Pharmac:olol)', Medical Collc:sc: 
\ "lltnt;J, Richmond Va 
·..r~pa"rnc:na or Pathol~o. Mc:diclll Univenhy or 
'"1h C11rollna, Charlnton. S.C. 

.• ·~ 

pesticide in Hopc:wc:ll, Virginia led to an 
environmcntul c:ontuminution problem or 
c:onsidel'ilble magnitude. Neurological signs 
and symptoms and abnormulitie5 or the liver 
and teste5 appeared in worker,; involved in the 
mnnuf~tcturing of thi~o subnanec (Cohn ~t Dl,, 
1976) • 

It ha!o been difficult to dC"i5C rational 
thcrup)' for ncutc or chronic chlordcconc 
intoxicntion due to the relatively few studies 
or the mammalian toxicity or chlordeconc. 

The subc:hronic: toxicity of chlordcconc hns 
been studied in the mouse (Huber. 196S). 
McFarland and Lucy ( 1969) hove ob!oCI'Yed 
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:acute taxi~. c1rl!l:t> . in Jo~p:~ncsc: quuil r~'d. . fa•1N fur j:hr prror IO (hNnll. 'rh< dOll!> ~N (.u~ .. 

.'·l!blord«vnti The latter.. lotUd:V .'.dealt with ll"trnta&l\t :ani! lliYCn :u m11.11.11 murphtn.: ~ulhatc 'C . . .. r ' · I' hr before do.ln111 IU l'tllll\l cmnu .. 
. . r~prOOLICtiY~. ~m.'\:l$ 0 the potiC:ide, 01:1 did .-.n oiC:UI~ ~I'I:UIIIRI:OU!' 1.0~0 wa• l>bllltned fOt 
': ~the in\ll:!ltit:lllil)n!l or- Naber anLI War.: (19651 rnulnllbtlll.' rubbit1 tfour lllhlll:ft v.·ith 10 anirml, 

in the. hen. and Cioi.X! ~~ at:',(l9tJ5) in the . C!ll~h. mt::an·~illhl :.: 1..1&1 u~lnl&il :o~~ IW/YI !olliUiitJft ,. 
. · . mouse. . . . ur cnlurdtL-o~~<: in corn o11. Th.: hutr wll• ell!'~ rron, t : 

: ·. . :. Other StUUICS· ha~ roc:u~LI upon «llulur . the INnl., which 'Wtu lhcn ""~ lltilh II Dr:uzc•I:VP\'-1 
· .. · . • • . · rubl~r ~irdl~ 11rnl the mlllcriilllntrUI.IU1.'ed under tilt 

chllngo 10 . the: lt"c:r, 81)1~ud5 •. llnJ. adr.:nal &trdh::.o~~rpuon IIPPcar~ 10 be complete, · 
glan~· or· Japunm · qtmll (Atw:ll, 1973; . . 
· Eru)Chcnko und Wilson •.. 1974, t9iS), hepatic Sl4bC'ItnJII~t" 11"" C"1•~"~~""' T"·''"'"·'' · ·r · · · . · . . Hur, .. Sht ¥rOuP' ur o10 :ouuna: m.k: (~n ....,,t:hl 

, mJ)IC:\J• un.:uon oxtdasc tnducuon tn mt« bol 1 11n4.1 . .&a ·\luun11 fell1lllc tnteiln wc•a:ht.. 60 , . r . 
{F'ubu.:her and H~II)On, 19,bUnhibiliLwor.. w;:uar rtus .....:~ rundomlv 'oe!l~e.i allli piAmi·! · 1'· 

· AT.Pase :~c:tivity in the co.ttl~h br:sin {0~'3oni:~h. ewt:h ·ur 1114! follu ... in~ diclllry '-'Onccntnniont. or 
·anli· KtXh, 197Sl ilnd rat li\ler (O~Sllitth t!f al.. ~:hlurd~'l:untl: o. '· Ill, ~. ~u. 11nl1l!O ppm. The: l'lll~-
197iOJ,b), ;n4J l't:rul ro.,icity in ro~t:~ 'and mice ... ere ....,tllhe\1 ""~t.l)' lt.n11. foud .. 'Onsumpllon """'. 

(Chcrnorr an~J .R .. !') 19"b) Th N· tio I mt:il•urt'd ""'~r .. 3~11!" P~:no.ll.l .a.t the .:nli of.l, 3, "· .;.· 
. . ox.. • ' • c 1 

" nu · I:Oan&1 ::.a monttu.. . • 
Cancer Institute· hus reported rhut chlor• HcmutuloKic ~~u~in t~nuu~"''iL a.n.1 hcmu.:tubi11, ! 
dc:~:one i:o. c.:an:inogcni~ in mice :and r:1ts i,m.tlllnd l.lllfc~nu.1l14hit.: .. 'til ~'Ount~l .....:I'C m11dc <>n · 
(Anonymous. 197!)), · tlve rae" ltllnl111mly t~CIC\.'1C'\ll ol' ca~n ~oe11. 111 c::..:l\ dicr. • 

Mon: recent )lUdiC!! hll\le. \lclllt With the ICYcl·lll ;1<-munlh inlll:r\'111~ Adllltion•l blOOd tlludil:!l· 
.,' elf~b or the pcari~:id~ On ~rlilli'Y JtUJ; C:X~f&:• ..:oni!UCII:<J Ul t!w C:lld Ur' lhtl lhin1 mont~ inl:l~cC · 

• ("A h d I· , .. , .. ' .I • .• • I .. h olau:lct \.'0~111,, lo411'\lm ..:ul~Jum. prolhf\)11\!>tn _(llllttn• 
liOn oYIC: CO il l:o :0 I) tlnlol :t ... rcnU f.:.lll~ 01- (llftl:, iln.J !"IICfQr V 1)11\C, ; 

nmine content (Busgctt:tr·a/ .. 1977), Pool~ urine sampto eli~ 46nllnlll•. l'llrnlumb 
The pn::~ent invcstitzation wa5 c:.:~rricd' out . Klt:etrd) rrom .ca(h M:A 111 fA.:h dieal"!i lt:YCI ~rt ·: 

to fill the-need rora Cl)mprchcnsive study or' llnilym ror ,r«tuclnK ,u~wn~ IU .. n~t~A Jm:Lhoa)·. 
the: acute subl:hron ·c and c:hroni. to"ic:itv of ~nd pfi)IC:In IS~ky und St~lford. 19~) ~~~.).monlb· 

. • . , 1 • . c.: • . • tnllii'Yill•, O~~yllCn· con,umpuun IJc:tcrmiiiJitr"n• wett 
· c:hlord~conc tn two·. mammmlt11n spc:c1~. the malic by ~pirometl')' 111 9 month~ on dice. . · 
r~t And the dos. Durlnit· Week 13, tl\OCI rat• (rundumlr aelec!C'd) of 

. u.:h sex Ill' CIIC.:h fecdlntt loYCI .....,rc: NacriiiCC'd."·11111·· 

... METHODS 

. Clt~'&//llllllltllltd Dl,ll 

The '"ac.n111 UliCIJ'tn thn4: studlft· ~u '"ppltf\1 b)' 
Alii«! .Chcm...:al ·r:uml)46ny 11tNJ . .:onuaiM\1 Il-l~; 
chloniecone. All Cl'*' and con~.~ntNitun• ·~ 1!11• 
··p~ u 11e1lw in&m~lcnt. Soluuon• ~~ ~m~dt by 
diuol"iftli'Chlol'\lfi.'Unc·ln .. """'"'corn oil. Thc lln11l 
dietary CUII(tlntraUuns were ubiAIIWIJ b)' mu klnM 
approprillle ~ilutlu~ ol' a tOOO.ppm Cl)~cntl'Cltlun 

. ~~ohich wera Pl'l!l)al'l!\1 by thoNIIIIhl)' mt11inll ~ ml or ll 
'~~ (w/vl com oil tolutfon ol' ~o:hlol'\le~:one with 
9HO ll or IIIICI~ llrUIJnll Purinll Chu~~>. 

, f4•'11W' To~.rlt/1,1' 

U•lnj 11 $ • ~ •ulut~Un l)t'.:l\11)1'\lc.;unor iu .:urn "'' tho: 
-.:utc oral LC>'D wllr..lolctcrmlnc:d b!' th11 mclhlolt.l ot' 
l.llchllcld ar\\1 Wllco11.:111 ll9ol9J ror !nlllc and tl:malc 
Wlallll' ulbinu r:abbll• cfU~Jr d~ll'\ ~oith 10 &utlmlll• 

: e&l:h), .Thl! rt'~Qn v.witlhb ~rv: ·m.UI! rats. lti01t: 
rcm11ltl l'llb. 1.5011: l'llbblt•, !1..11. 1'he l'llniiC or bud)r 

. \lleiahts (1)1' lhe \lOll' ~"- "'' to 1.$ lt.J. 'rh12 rut\ ~· 

wn ret:'OIIllld Ill I )'tar for nata on 0 throullh ~ Pf>l'l'l 
ntw"' bein11 no lul"'i¥01'1 on ~ IUIIJ 110 ppm), Addi. 
tionally, lhl'ft to ti\OCI rats ofcac:ll K!l on -'~nd 10 pl)lll 
diet'!· und three males on :3 ppm 'WCf'C recurnCid 10· · 
I.'Ontrol'dict fur" oo,w:cl.und chen ... c:rlflced. nruludy " 
~ lcrmiftiiiOd b)' ... c.:rilk:c: uf IUr\'IYinl ~nii!WII liner'. 
! )'CIII'I ·on diet.. Orpn to !ll.ld)' WC~IIIIl l'llliUto '""'~ 
~elctmincd 111 Clll:h·IIIIC.:rlllcc pmod ((lr 11\/l:'r, kidney\, 
Mill'\, ~plocn, 11nd testes. The rollowin&· tlnu~ wcte 
111kcn lur hlsto~thulo&h: 11111!y:. brain, \l)lnlll corG. 
hun,'1t.tnl&. li~cr. kidney, IPI«ft,IIUI, UriiiiU)' blat.lder,. 
boi'IC marrow, · '~clttlll muM:Ic, dun. oanetUa. 
lh~Nid, llt.lreiii&J, PltUhllf'y, llnliiiOI\llt.l, . 

In llftOlher \llid)', .10 mille 111111 oiO r~le rill~ 'WCI'f. 

· pl11~'CG on diet' ~o-onullnimr U ant.l I ppnt or chlo"' 
t.lt.:on~. g,etlll fur 1)11'11\\iun ol' 0\)'lll:t\ ~n,umptlon 
lnCll•un:mt:nb, flit ;.nlll~·- ·~tal bii>Od •lulii~ 11n11 
withlil'll~~>.al \IUillc• at I ).:llr, th<G .:'lrcrim.~nlal ~t:allo 
wc~e rhl' !Mime o11 in the hl')l ~Judy llo.:rttlcd atxnc •. 

Dcti/J. Sillll!lln J)ural\rt\1 N~llhr dull' ammunt~ 
lltlllill•l di•CtmDCt llnll inf~uous Ml'lllhi• · ~~o-.:1'\ 
dil•llltd Into r'uur 11ro11P\ ot' 1~ m11"" :&nd 1~~>\ . 
f~tdft c:•r:h. AI r1n a~tnaa~t •11• otatocxlt fo month .. ' 



TOXICOLOGICAl. CPP£CTS OF' CHLOilDI:CUNC 31 

the) were placed on diets of lincl)' lltound Jlurin' 
Do(J C'hov.· Kibbled Me11l cont11iMtnJI 0. I, $, und 
:~ppm uf chlorde~,'l)nc. Wl'illhCd,quuntitic' Of food 
,olstrncd whh nn cQUIIi wci.:ht of ""'II !Ill werr alTered 
;co th.: dutc) onc:r 11 dn> for il pcr1Cid uf :.buut 30 min 
1n1:1 the umount ca1t:n ""II~ t«urllcll. inc: dOll' were: 
~clllhed onc:c 11 weclo. 

Hem&tolo&ic dcu:rmlnlllton' !hemoglobin und 
~cmatocrit und totul while unu dlfTercntiul cell counbl 
..ere m;adc prior to plu~:in11 the doKS on diet, 111 :, 4, 
1nd I~ wee~s on diet and 111 3-month Intervals there• 
tfter. Urine concentrations of rcd1.1cin11 sub~tuncea. 
md proleln were determined on c:uch du11111 the same 
.imc pcricxls C)ICI:pt for : weeks. 
. Ourin11 Wee~ lOIS, t~">O liver fun.;tlon tnh wcrc 
~rformtd on the l.lo¥' rrcclvin11 0 und :~ ppm 
:hlordcconc. In one tat. the ~ulfobromophthulein 
'llcthod w11~ u!oed, 10 mll.'kl: bcins Biven i"' und biCXId 
21':lwn 1$ min later for ntlmation of the serum 
:onccntrulion or the dye, Thr iCCond ttllt consi~tcd or 
~IUI"C1111lnt Of IICtUm Cholinalcrll~ activit)'. 

Two dolt' on :5 Pl.'m were sacrlnccd at !he end or 
.Vcck 1:o1 unci rcmulnin.: survivlnll an.rnal• were 
~rll'lccl.l durln1 Wcc), I :"!11. 'J'h~ ~me or11an.to bo\ly 
•ci11h1 mc::mlrcmerll• "'Cin: madco und u~r•ucs lu J..~n for 
"SIOPQlhologk: 'tud)' a~ In the stud)' with rat• 
lescribcd above. 

RESULTS 
..ft·urt- Tu:ci~ity 

Oral LOSO .,.aluc~o obtained for rats wc:rc: 
1~::8 mt:.'kg for mule~ and 1~6:!: 1:!. for. 
\:male:!.. Oc:ath~ ranged from :! to 7 days. 
: .. llowin~; dosins.. Oros!> autopr.) findings 
.~~·rc: c:~scntially negative:. The: oral LOSO 
·~~und for male: rabbil~o wa!l 7 I :: 6 rnt~/ktt. 
· >~athl> rJngc:d from :! to II duys followin~ 
h••int:. ull but one occurring within 6 day~. 
~iro~:. OIUIOp)y . lind ins:- were ~>cntially 
'-~l!Ulivc, The oral' LDSO for dogs W:\S 

~t•matc<.l at about ~SO ms/ks. death:; ranging 
tvm :! to 8 day!. following do)in&. Oros!> 
1 utop~y find in gr. wc:re c:~:.cntiully nc:gutivc:, 
rhc: percutaneous i..DSO found for mule: 
ilbbits was 410:; 65 mgfkg, de:nhs ranging 
r~lm 3·to I 3 du)"s following do:;ing. There wn!i 
1111.: or no evidence: or :.kin irritation. 

In nil of the: species reported above •. the: 
•U\)\Ilnding ~il!n Of intoxication was the: 
11:\'c:lopmt'nt of severe DDT-like tremors. 
~he:.e.rc:nc:hc:d maximum intensity in :! to 3 
~.,:-~ ·rollowin{! e:~~po~ure :tnd gradually sub· 

· .. , ... '. ,· 

r.1ded over u period or a week or more in 
s.urvivor~>. E)..OlC:Crbntion or the tremOr!> OC• 

currc:d whcnc.,.er the nnimal became c::~.~.:itc:d, 
ror exumplc:, by handling. 

Subclrronk uml Clmmit· Toxirit,l': Rat~· 
Tremor!> in rut!> rcc:eiving !10 and SO ppm 

dcvt:lopcd at the end or :! and 3 week)., 
rc::~pcc:tivcly, and became progrclto!ltivcl)' m\!re 
severe with time. Slight tremor became 
c:vidc:nt in !.omc: rat!. on lS ppm a\ about 
3 month), developed to a moderate degree 
in n few by 5 to b month~. and tended to 
regress rather thun worsen with further 
pu~sagc: of time. Rats on lower feeding levels 
showed no tremol'5 at uny time. 

All rats on SO ppm died within 17 week~. 
Rat~ on SO ppm ~urvived well through 13 
weeks, but ull hud died by week :s. One· und 
:!•ycur ltUI'Vivul,. were udverscly affected in 
rc:mules on :s ppm. 

Bod,1• 11'tigltts. Body weight dnta at reprc· 
sc:ntative pcriodl't for rnb on S through 
80 ppm c:hlordecone diets arc summuri1.ed in 
Fir;~. I and :!. Deprencd growth was evident 
by Week 3 in fc:molcs (Fitt. 1), Analy!<CS of 
regrc:!t:.ion of the datu with 95 ~;. c:onf1dencc: 
limit~ (Lur~on rt a/., 19b0) · tndicute the 
c:ITec:Live c:om::cntrntions. for thi!> to be: about 
31 ppm at 3 weeks, I J ppm at 6 week!>, 
~ppm at 13 weeks, 6 ppm Lll 26 and S! 

. wec:k~. 8 ppm ut 78 week~. and :!~ ppm at 
104 week~. For mulc!t CFip. !), sil.miti~:unt 

~0 0 

~ 400 

~ 
: soo 
• 
~ 200 

100 

Ftc. I. Orowth 011111 for fem11le rut~ fed chlord.:cunc. 
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.:Flo. ::. Gro-...rh.®lll ror malt- ra11 red ~hlordcconc • 

; ' 
depression in growth did not nppettr uinil 
nftcr Week · 3 •. The~al'tcr, . for the periods 
listed c:<ccplir.i; · 12· ·wcckll. gl'OUp analyses 

: sbowc:~ ·growth to bcr deprened :1t :5 ppm 
: :~.nd: :~ny hishc:r concentrations. At· S .:tnd 
· .to ppm, tm.tcd.mnl~ Sf\!W mor~ ro.pidly th!ln 

' . ,.· .... 

.· : 

.-~ ' I ' ' ' 

. ·•. 1: .. ·.·• ., '· 

con~nU'Iltion ror a significan\ cltv:~tion· W:1S 

.llbOUt 1: ppm. , 
Htmalolog.''· ln the hemntologic da~ there . 

wu some sug~tion or dcpro~ion in . 
. hcmo.toait on so ppm . at · 3 m~nths. and 
:s ppm nt IS months, but the:· change~.'~~ 
not .!\ignificant. ToUll white :tnd differential 
white cell c:ount.s were within normal mnscs. 

An' unusunl developmcnt·llppe3ted during- . 
colleCtion or blood for r.hc: hc:mlltOIOsil: 
studlell At 3 months.: :1nd w:u lllso noted 
!ipor:ldicnlly llt Inter test pc:riod.~. The bl00<1 
wns obtained by cutting otrthe tip or the tnil:· 
lnstend or only a rcw drops beins obUlincd . 
ns is usual. some or the r:1t.s on the so.::a.n4o:f· 

IO~l 
90 

10 

!;'1'0 .. 
;;ao .. 

-~-· 

'-..... .. .......... 
'•tt .• 
·:~, ····-... . ~ 

~ ~:., ~···" 
"" • 41 .. ~--- ........... ~ 

""'-......... •. . ............ ""-.: ..... · 
"---~· ... ... . the conttels. Thus,· at :!.6 weeks, regression 

~· .. · anll.lysis indicntcd thAt male ruts on· 5 ppm 
weighed· ·signitl~ntly {p<O.OS) more thun · 

·· · · ··the c:ontiols: this ww. true nt both S "ll.nci 

:#'0 
•O 
30 

r:o 
10 

·.-. ---. ~ . --.. ....... .. -
. ·.· ... .JO ppm nt ': ~eckS:' .. 

· . R:lb·On expcrimcnt:ll diets Cor I ycu.'r-that 
multed in ll depression or growth were then 
'returned .to control diet for 4 weeks prior to 

·., sac:rlficc: •. No: definite: tendency towlll'Ci ll<=
. . cclerntcd weight gnins wns observed dunn's 

. .. . . , tbis 4-weck period. ' · 

o+---------~--~--~---.----' t) l!tl . st •o• 
WI:I:MS · 

. Ftc, J, Food conaumt'tlon or female ·na,,Jc.od chlo 
c!ec:one • 

100 

. 

' 

. Food. consumption: Food consumption dnt:l 
·an: summ:~.rilcd. in ·.Figs. 3 and 4. A. trend · · 
. townrd. inaca.scd ·Consumption (per bociy 
weight) :··with incrcusing conccntl'lltions or .. '<~ ......... ··::: .. ' ~· 

.··.·-· .•' · chlordccone WtlS observCd~ This tended to.· 
3

•o ~ 

·· ~ome.n~ntWJ.tcd' with time:. . ~ !IO 
Mt-· 

"',~ ... -.. . . : ··•·· 
' ... ~~ ... ~:· 

. :'' . .. 

• l• 

' Metabolic ratc>, · BOdy· weight o.nd :food ~· 
·. · consumption dnta nnd the· development of » 

. ' ..... muscle:· trtmors: we~ suggc:sth•c: or a.n ina ~0 

·. .,. __ . . . ............. --
. -.... /. . .. .... _, 

·.,' ... 
·. . c:rensc:d. metabolic rotC. · MCilSuremcnts ·were: ro 

.·· .. , :.made during the ninth month and.th~ :arc: oo~----..... ~-..,.----.--
. summarized in Table t. An:alysis or regression ' I) ·:. u . • IOo 
·.Of' the dD.t:l with 95',~ COnfidence limits india oottiiS 

a ted thllt the· upwnn:t trend· in fc:mtdes did not 
. . . :' reach sUitistic41 signiticnnce. but in mlliCS· the 

'• 'I •.,' 

·' 

F10. 4, Food conaum~»lon ror male rata fed ~:!~: 
d~ne . 

I •: o ,o 
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'I'OXJCOLOCiiCAL I!I'M!c:'TS 01' CHLOkDf:CONC 

TADLE I 

MrtAitOLII! RA!t VALUES (AJ OtTtllMINEP n\' o~''Qtl'Oi CONSUMI'TIONI OIITAINt:D DUJIIJoo(i THJ: 
NINTH to10NTH or Ft~PING or.CHLO~Or.CON[ 10 R4'rS 

Dietary C.llorif:)lm1 bcldy surf11cc/hr 
conccntro~tion 

Sel (ppm) R.a1 I Rat: IWt 3 Rat4 Rat !I Aver aMes 

Female 0 !5'" .• 3:.1 . 3'-0 :6.11 ~4.0 jO.: 
10 34.11 2b.3 33.!1 31.9 3::.4 31.11 
~ Jll.: :11.3 )4.4 34.1 <~:.3 J!l,j 

M"k 0 ':.9.7 3:.6 :'7,4 30.: :9.3 :9.9 

' :3.(1 :b. II 37.1 36.1 :9.7 30.7 
10 48,4 34"' 3!1.!1 3'-1 34.!1 . 'J7,7 
:! 46,!1 47.9 ~3.1 39.4 4:.3 41,9" 

• Shrnificantl)' different (ror,\ conuol (p<O.O!I) by rcjVelsion 1111411~1,, 

TADIJZ: 

MEAN UlltNAkV PkoTtiN Coto~CJ:NTHATIONI IN RATS RtC:tJYINO CHJ.OIIDP.C:ONt IN THCJII Drm rok: YJ:Al\1 

Urinary rrotein c:on«nttation Cmll/100 ml)" 
Dietary 

concentration 3 6 9 12 I !I Ill Zl 24 
(ppm) month' month• months month~ month• month• month• month a 

Fem"lc 0 )0 70 ~ 

' 30 90 70 
10 :o 110 130 
:!I 30 160 11!0 

Male 0 30 90 130 

' 40 110 320 
10 30 2110 4!10 
!5 30 4:0 JSO 

0 
AVCI'II¥C or determination• On tWO !IBml'lC\, 

·O.ppm diets bled so profusely that it was 
letl:li:sary to c.uutcrizc to check the blecdin~ 
:lefor~: this wns realized, three rats liUbsc:~ 
IUcntly bled to death after being returned to 
hr:ir cat~cs, This prompted some additional 
.tudic~o. Platelet counts, serum c.ulc:ium c:on• . 
:cntrntion:s, prothrombin times, and .Fnctor 
•' time~ were not significantly difl'crcnt from 
:ontrol!>. An alternative possibility may be 
hat the prorusc bleeding resulted (rom .an 

.Jnu:,ual degree of dilatation of the tail vcs!icls. 
\'i:.ua[ (lb:>crvation Of the tuiJ VC!iSC\s ~ug• 
~~Led : v:~:.odilntion, This could reflect .an 
:tfcct · on the thermoregulatory mechanism 
.ccondnry to clc:vated metabolic mt~. 

~ ... 

60 1110 J:o 140 1:'0 
100 !100 6!10 6.50 9H 
190 :wo 6SO b!IO 44!1 
:so 430 !100 6:0 !190 

110 360 4!10 !1!10 400 
6:!0 640 o:!O 6~0 SolO 
~so 630 6SO 630 !1110 
soo 6!10 bSO 650 .111!1 

Urinol,vsis. The tc:ltts for urinary conccn• 
tration:; or reducing :.ub~tancc~o-showed no 
dosc•rcl>~tcd cfrccts from the chlordcconc at 
any period in the studies. Determinations or 
urine protein concentration arc summnrizcd 
in Table 2. It appears that chlorclccone, in 
concentrations or S ppm and above, nc· 
celerated nnd intensifu:d the development or 
proteinuria, There a!)penred to be !iomc 
regression of this cfl'ect in animnh. from the 
S·ppm diet withdrawn from chlordcconr: for 4 
weeks after 12 months on diet. In the !>Cpar6ltc 
study in which I ppm woo; fed in the diet, no 
definite cfl'cct on urine protein concentration 
wos observed. · · 
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. ··· TADL.E 3 

l.lliCII•TO-Ooo'l" W~:toHT RATIO!\ Ol'l RAn RrettYti'IO CMLOII.UlCO"'II '"' Ttit111. Dli'TS 
I'Olt 1'1111.1001 ..,, UP to: YEARI" 

R.AtiOt ,1111 I 0 • 

. ciic~~· 1: montha + 
. t."OIICCftLI'Ition , 4wcab 

54.' (ppm) 3 month• ·1: months withdrawal !4 month• 

Female \0 3:1,7~3.0 (S)• 33.4~6..1 ~ 37.3~'·7<•> 35.S~O.l (14\ 

' 4:.!:3.<l (4) . . :1'7,0: :l.l (~) 36.8::;1.!1 (4) 43,&::; IO.J IIUI 
10 I ~9~3J(4)" JQ,4~ \0.7 (3) 40.9:'·' (ol) ~.1::;17St9)' 

:3 ll.'-4~!1.4t') -:o. t1: 11;: <'l• \~,J:J.O ())' 
30. 91,$~ l!.•l-(3)• -.110 · 115 • .a.~,.~ \W 

Male 0 ~.7'::::1., ")' J3.0:t:6.1 (:1) . 34.0:t4.4 (4) 40.11:,.11(':') 

' . 40.!1 = :.: (~) 4\,J :4.l4 (:1) 36.4::fl.fl ,,., 5a • .a: 10,7 (3) 
10 33.9::: \,IS (:1) . .w.:: to.o (:1) .W.S:: !II (l) 'o.:;J!I.!H4l 
:,·. 60.0 = ,,9 (4)• .. . '9J: lMl:l)• :19.4::; 3,4. (3) ~.3:: 111.9 13)' 
:10 S:.4:9.1· (4l• 
1.10 89,1 ~ 17.7'(:1)• 

• VlliiiCS are I'IICllns:so.: 
• :-lumber or rlllJ IndiCAted in l'i'Nnthftct • 
• Sllllll~ntly dlltilrcnt !'rom ;onlt.ol Cp<O.OS) br m&I'C!.'Iaion ana~•· 

TADLI! 4 . . 
· KtDNI'\'toTOoDoov WuOHT D.-.'l',..lll't R.t.n RICI.IYtt>IO.Ott.OIU)ICOI'I& ,,.. THm Dtm 

POll PIIUODS Oil UP TO! V~ 

., . 
Oiauaey 

COI1(CIIU'IItion 
• . Sc.'l. (ppm) 3 montl\l 

Female 0 6.9 ~ 0,7 (,, ... 
. 3 7.1;tOJ (4) 
10 8.3::;0.11 (4) 
::1 11.3 :tO .:I (!I) 
:10 9.!:0.11 (3} 

·80 IU:!:O.':' (!I) 

Male .o 8.0~0J (:1} 

' ·M,l:O.SI m 
10 11.o:!: o •• l'l:ll 
~ ll,ll:t 0.7. (4) 

'0 9.:::;0.4. (4) 
80 9.0.: 1.1 I'> 

•Values are·mcans:so. · · . 
•f'lumberor.rulll indicated' In parmc~.· 

.· ·' 

Rarlos"' 10• 

1:: months ... · 
4wccka 

1: months. wltmll'llwctl :4 months 

1.6;:::1.0(3) 't.?:!:OJ (4) 11.9~3.~ (14) 
t~.t:to.,.m 7.6-:t0.4 (4) 11.1!: 1.1 (10) 
'1.4;!:0.3 (') '7.7::;0.9 (4) 9.6;::: 1.7 (9) 
7.8::0.6(3) 1!.8:: l.fl (:I) 

... ~ 

6.8: I _:I (:1} '·~= 1.0 (4) 10.1:::4.1:1(7) 
i'J::: \,1 (:1} '7.3:1.3m :o.::: 11.1 (3). 
11.0:!:0.11 {!I) 8.:::: J.: (3) IJ.0::;,,7 (oil, 
u:::o,,m 11,4::!:!6 (3)· IJ."T::::I.O'()) 

-
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TOXICOI.OCiiCAI. fi'I'JJc:r.. 01' CI·II.OKDt:COSI; 

OrJ:OII wrigllr ratios. Liver•tO•body weight 
io datu are ~ummurized in Table 3. 
;aly!i.~ ol' re~rcssion with 95 !}~ conlidc:ncc 
ritll indicated the chlordcconc concr:ntrn· 
n!l for ~i~nificunt incren~c!o in female!> and 
lie~. rc:pcctivc:ly, were:: 5.3 nnd I$ ppm 
3 month~. 8. 7 :1nd 9 nt I: months, 5.4 :tnd 
S <~.l ::4 month~. In rat:- returned to control 
!l for 4 wcekl> after I year, the diiTerence in 
!ans for control und I 0-ppm fc:mulc:s barely 
1ched ~igniticanc:c: ut p • 0.05 und rc:src!o• 
•n unaly!>i~ for mule!> placed the c:oncc:ntru• 
n for !l.i!!nificunt c:fl:vation at 3.7 ppm. In 
: second study at I ppm, u significant 
:rcase wa!> found only for females at 3 
>nthli, the: ratio!> for controls being 31.9:: 
i and for experimcntnls 36.0: 1.6 (five rat~ 
C:llC:h Cll!oC ), 
Kidnc~·to--body wci!lht ratio datu nrc 
mmarized in Table 4, Rcgre!lsion analy~!l 
1ccd the concentrations for si!!ni:ic:nnt 
:rea!lcS at 1:! ppm for fcmnlc:s nnd 41 for 
1les at 3 months, 17 ppm for mules nt 
month~ (no trend apparent for rc:mule!o), 

d 10 ppm for males returned to control diet 
r ~ weeks after I year (no trend appnrent 
r female~). Croup I:Cimpari!>On~ or ~4-month 
.ta rt:11calr:d :1 !tignificant incn:u~e only for 
nale~o on .:!S ppm. In the !oc:c:ond ~tudy at 
'pm, a ~igniticant incrca~e WU!> found only 
r fc:mule!t at ~ month!l, the: ratio., fN con· 
Jl~ bcin8 6.7::: 0.~ und for experimental~ 

I :O.o (live rat~ in each easel. 
Hc:urt ratio data placed values f'or loi~ni• 
unt in.:rca~lo at :!4 ppm ror females and 
·ppm fM male~ at 3 month~ (reltrcs~ion 
• ul:-.,c~). ~5 ppm for mule~ <sroup una lysis.), 
1d no trend for remalell at I~ month~. nCI 
:nitic:ant diiTercnc:es in either ~ex in rut!l 
tur11ec1 to control diet for 4 weeks after 
~car, ~~ I"Pm ror rematc:s (sroup :~nulysi~) 
1d no trend ror male~ at :: yeurs. No 
:nifrCllnt difference existed between the 
iiPm rn.b and their controls. 
Tc,.tc!>•tC~obody weight ratios were signi· 
·antl)l dcrrc:li!>ed at SO and 1!0 ppm 111 ~ 
Ollth) 1~.0:!: ~.4 X J0-3 und 1,6::: ,Z,3 VC:fSU!t 
~ =0.9 r,,t control!>) and !oignificuntly sreater 

ut .:!S ppm at I year (~.3:: I.:! x IQ•J vcrsu~ 

6.7::: 0.7), No significant differences Uflpcarcd 
at the: other time period!! or at any time period 
in the l·ppm Mud)'• 

Spleen ratiO!> showed no trend except for u 
si1lnilicunt increuse over contrOl!> in the 
:!S·ppm fcmnlc!o at :: years. 

/1i,fJOpurholo~:;·. Histopllthologic findings 
in rut~ sacrificed at 3 months on diet arc 
:.ummarizcd in Table S. Congestion seen in 
the liver at I 0 ppm was minimal in degree. 
Although degenerutive c:han~tc:~ in liver cells 
(>WOllen with margination of granules) 
occurred at the hishcr conccntr:uions, no 
fr;.nf.: nccrosi!> W;l!; ~c:C:n in lln)' Of the !oCC:lion~ 
in the entire ~oc:rie!l, For ~orne unknown 
reu~on, the: liver change:~ in rub receiving 
80 ppm were lc!>ft !>everc than tn those rc:r::c:iv· 
ing SO ppm. Tmiculur atrophy, llecn at the 
hishcr fecdin~; level!> in most ~cverc l'orm, 
appeared not to be related to alteration~ in the: 
liver, :;incc in four or the animal!- in which 
there Wll!t 1oevcrc: atrophy or the te~ICS, the 
liver wus not ~evc:rcty a!Tccted. 

HistopMhologic linding!t in rats on I 
throu~h :s p)'m chlordec:onc !>acrific:ed after 
1: month!> on diet muy be .. ummurizcd a~ 
follow~. Enl01rgcd liver:;, inctcutc:d in Table 3. 
may be explainable on the: b.:~.,is of conE:estion. 
E>.aminution or the: nervOU\ S!J\tem did not 
reveal uny foci of nec:ro.,i~. The: kidnc:>' le~ion., 
found were: not marlo;c:dly diiTerent from tho!oc 
normally !>een in a certain percen~l!e of rats 
or thi~ age und did not provide :1 c:te:~r mor· 
phologic: ba!>i!t for the tindin~ of elevutcd 
protein e"'c:retion • 

Rc:vurdin.(: findin~\ on rat~ sucritked after 
1:! month!> on diet followed by 4 weeks on 
control diet, none or the lesion~ !>ccn appeared 
rc:l:nnble to treatment. 

Of the ti .. !IUC:l' submitted 10 mic:rO!IC:Opic 
c:xumin:rtion from rat~ \acrilic:c:d artc:r : 
years on diet, or dyin!l during Year ::! in 
which tis~ue!> were not too uutob·zed for 
mc:nningful interpretation, only kidne)' nod 
liver prc:~ocnted Jeo;iOn!o that nppcnred pO!I.llibly 
related in incidence 11nd degree: to treatment. 
In kidney, the predominant le..ion was giO· 
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TABI.E $ • 

HtsTOI'A.l'HOLOOIC: FtNDt!IIOS tN RAT:! RtC'EtYIMl CHLOIU.UCONE '"' iHtt" Ctm ro~ 3 MoNTHs 

DictQry 
.:on~.-entmlion 

Sc:'l lt:-Pm) Hillopatholoah: tlndlnp• 

--------------------------------------------------------------- . Female 

Mole 

0 

' lO 
:3 
'0 
110 

0 
l 
!I 

10 
:, 

FOQI nonspecific m)'OColrdltis In 1. eosinophilic: ln!lllratJon or tnuo-1 
metrium in I. 
Foo:al nonspeci!lc myoaardltis. «l'inoplllllc myometruia plu• CO\ino- -
philic pol'tlll inllhrotion In li\'er In I. • 
Minimaltubulllt fatly nephrosis In I. 
Con11es.tlon in tl~r In :. 
Conae1tion In liver In :. LOQ or III)Oiciln ud~nlllltlllnd in :. I 
Mlntmall:o- \WOllen liver ~lb. in 3. Swollen liver cella plw lens or lipvid ~ 
in :~Ll~n11l Gl:~nl!ln :. 
Swollen li'I'Cr ~o-ells in J. 

Minimal :~tl'1)phy ot t~tcs In 1. Con~uon in 5J)~n in 1. 
Chroni~: bNnchitlsln 1. Con~tJon in ~plccn In I. 
No h:~ions rounJ. 
c''"lf~lion In IIYcr '" J, C:onJIC'Itlon in llwr plus atrophy or IOI!e'i il1 I. 
Conlfnllon •nd p.JINI;sinln~t swollen ~1opl11sm In IIYcr cell' plus 
o11rophy of testes In 1. Swollen Pille liver cell• wlth mnll!ination or 
cyropJn,mlc KfliRUie!l plus lltroph)' or lt:sln in I. s .... ollen Plllt.: livcr 
cells ~o~o·ltll mat"'llnuuon of C)'I0111lltmk: 11rnnulcs pl111 minlm11l tllrollh!l 
ur lt\1~~ In I, Mlnln\1111)' swollen liver cells t:'IUI minimal Atrophy or 
loteln I, 

~0 Swollen ll~r I.'CIIi wuh ITWI\\IIIOIIlon or eytopltumic arunul~ ~~~~~ 
ldrettlll lllrophy with lipoid lou DIWI CAtremc lllrophy or loll:!! ln !. 
Swollen IJYff to:alls phll mtlrked atrophy or ICSICS In 1. Swolh:n ll~r cells 
pillS soma lou or lipoid In tadrenal plus Sllllhl atrophy or IC!IICS ln I. 

~0 Swollen IIYer cells pills atrophy or tt:sln In 4, Swollen liver c:clt. plus 
Atrophy with 1\bro•l• ortataln I. 

• Ten control a or egch se:o~ and ·11\'0 or R.:h ~I{ per 41ct leYCI or chlordec:ont. 

merulosclero~is :md this wa:\ onnly:~ llS to 
degree uccordin~ to the following critcrin: 

Grode 1: Minimnl thickening of the <:.11pil· 
lnry basement membrane of 0111 of the glo
meruli with protein in Bowman's space: nnd 
hynJinc protein CllSts in the tubulur portiOn or 
the: nephron. with slight dilnuuion or the 
tubules. No evidence: ol' chronic pyclonc· 
phriti~ (intcntitiul nephritis). 

Grode:: Modc:ro.tc lic:J;rec ol' thh:kcnins or 
the cnpillacy bnsc:ment mc:mbrnne or all or the 
glomeruli with protein in B¢wman'os !top:lO: 

:md conJidcrablc: numbers of hyllline casu in 
the: tubular p~nion or the nephron, leuding 
to a moderate degree or dil:u:uion. No or 
minimal accompnnying pyelonephritis. 
Grad~ J: Kidneys c:nlarsc:d and gros~ly 

brown or tnn color with numc:rous smuJl 
cysti~ structum pmentins themselves be-· 
ncnth the cnpsulc (dilated tubulc:ll with 
protein). Microscopi~Uy, m:lrkcd thickcnio~ 
ol' the c:apillllry bo.semcnt mc:mbr11nc of all or 
the glomeruli with t&t:c:umulotion or hy:tlinc 
materinl in the intercapillary spuce. Adhc
~ions sometime:~ oblitci"J.ting the Bowmun's 
llpacc. Marked dilntation or the tubular 
portion oJ' the nephron tilled with protein ~ 
alo to form ~:.tic: struc:tu~ Some degree or 
~o:hronic pyelonephritis wa~ in,·ariabl:-o proc:nt. 

Finuinss a\."\:ONing to this grodin~ sys11:m 
are ~ummari~~ in Table 6; Rats m:c:tvinJ; 
I ppm diu not differ app~iably from thucon• 
troiJo. but 11t hi&hc:r fcedin1: lc:vcls c:hlordC(Onl:' 
appeared to clloert ~orne: nephrotoxic: ctfect.. 
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TAOl.l! 6 

HLWOPA'I'HOLOOIC F1NDIN05 IN lo:.IDNI:YS 0~ kATS RtCtl\'llltO CIII.ClllDP.CONr. IN THr.lll Dlt~ 
fOI\ lll:lWECN I AND! \'tARS 

Cilomcrul~lero5i\ 

Dietary 
( ~~ or llnimal~) 

concentl'lltion No, Ciradc Cil'llde Cirt~dc 
(ppm) rll\5 I ... 3 Orher lnlonl .. 

0 ;.ltl• 1!.11 0 0 r-atty deKencratlon or tubulm (llrlldt !) 

37 

in I. Vacuolic MPhrol)llthy (Krnde l) in 1. 
I . I.J 1~.4 0 0 F111ty llc;cncnuion or tubulu In 1, 
$ 17 ~.~ 17,6 ~.9 

10 . 1: 33.3 8.3 ~.0 . 

~ 4 ~0.0 :s.o 0 Chronic pyl:'loncphritl' in 1. 
Male 0 ::-· ::07 Ill,: 13.7 Vacuollc nephropathy in 1. . 

I II 18,: 9,1 0 Vacuollc nephropathy (IU'IIdor J) in I. 

' 6 16.7 16.'7 33.3 Chronic pyelonephritis in 1. 
10 9 ::.~ """ ...... Chronic pyclonc:phrltls in ~. .... _ .. 
1$ 4 0 ~.0 $0,0 Chronic pyelonephritis In l, 

0 lndu<lcs J"r C:Onlrols (rom 11\c: l•ppm 1\Udy. 
•lnclu<les 14 controls from the l·ppm 1tudy. 

TABLE '7 

OMOAN·TD-Boov'WcloHT RATIO DATA ON Ooos Rr.cr.lvtNO CHI.CIIIDCCO..,r. 
IN THr.IM Dl~,r 

Dietary Orll<ln•tOobod)' wcl~:htl'lltiO!Il< IOJ 
concentration 

!ppm) No. dogs Liver Kidney Sl'lleen He11rt TC!IICI 

0 ,. 3~9:: 1.9' $.:t::0.7 !1.9,:J.6 7.6.: 1.: :.14 
I J• !9.:::6.5 5.3.:0.!' 6.4:; 1.4 7.7:!:1.: 1.9~ 

' )• .31.6;:7.4 5.3.: 1.0 7.0.:0.~ 8.6:;0.9 :,49 
:s 4 4$,1 :!::03' 6.7.:0.4' 6.11=1.!1' 9.5:;0,4' :.3~ 

• Values llrc mcans:SO. 
• One doll dyinJ durln1n11e study Is not Included. 
• .Signillcuntly IIIITcrent rrom control (p<O.OI) b)o resrmlon llllllly~l•. 

Liver lc:llions. found ma~ be summarized o.s 
rollows {numbers of animAls studied nt each 
Jic:t level being the so.mc o.s listed in Table 7), 

Ft!mQ/~s 

Oppm 

I ppm 
S·ppm 

IOppm 
2Sppm 

minimal fatty change in I: 
modcrlltc fatty chnngc in 

minimal fauy change in I 
minimnl fatty chongc in I ; 
.. hyperplasia in I 

hyperplasia in I: lcsion!i in ;\ 
· lesions in I 

Malts 

0 ppm hypcrplasi:~ of purcnehym:~ 
cells in I 

I ppm minimal fatty changes in 1 
S ppm serious he)'lat;tis in 1 : nctivc: 

cells nnd fatty cliangc in l 
10 ppm foc:tl :tbllccsscs in l plus slight 

hyperplasia· und marked 
dilatation or sinusoids; 
hypcrplo.sin in I· 

:S ppm lesions in 3 
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J8' . . . '··'· :LAkSON C. Ai. '. · · 
. . ' . ' ' ...•. 
. ;· . .:· <.:::.:·.:·it i~ p~s.~ibl~ ~h~t !~ions ~n in the:~~~~ .. ~~O.·mt:Jki whic~ ·i~ co~si~r:r:lbly ·l~:r.:~h~n: . 

·. o("thrc:c rr:mtllc:i On 10 ppm ·llnd one femAle the. >:000 ms/lc.S' reported by Cininc:s (1%91. 
and two males on ~ ppm wereQrcinomntous. Shtrmnn nnct Ross { 1961) round the .:l~lt: 
in. nntu~;: oral · ~050 of c:hlordr:tonc: tO· be 4SO. mwk!; 

ror ·New H:~mpshire chic:ks. Mc:Fa.rl:md· ~nu 
. · Subcllroni'c and Chroni~ Toxlcit}': Dogs L.:u:~,-y. ( 1969) f~o-d 4()0 ppm chlordr:tone tl• 

Tremors evident in nus on· :S·ppm. diet m:~li: Jnptlncse quail and round a median 
were not obsci'Ycd in dogi on :5-pptn ·diet. . dea.th time or 10 dnys with death c:ha.r.u:tc:rizc:d 

· · · Three dogs died. during the study. one on by ·. extensive body tremors . pro~:rcssinF 
, · control diet during Week 71, one- on J·ppm through ntnxin to c:ompletc p4n:sil'. OeWin. 
.during Week~· nnd onc .. on Sppm during nnd ·CicOr8C. (1960) obsc:!"'cd npproxim:t.tr: 

· ·Week .SO. All hnd developed severe dermatitis c:hronie LDSO vnlucs or SOO mGfkg !'or CIUllu · 
· earlv in the studv nnd· this continued in ::~.nd 100 mgjkg for phcnsant:s,.· . . . 
·. :· inc~using 'degrC:C ~ntil dcuth. . .. · . In the chronic fcecling c:.'l:pc:rirocnts •. nits oa 

. Bcdy weighr. gtlinll were similar· in 11.11 SO. and .so ppm all di.:d during· the tint <!. 
· ·group~· ot' ·do~. during the tint yeo~.i-; but. months· nnd I· O'lnd :-ye:~r sul"'i\·01.1~ wtrc 
. tend~ to be .lower in :5-ppm·:~.nimuls during ad~rsel~ affected in females receivins::!S ppm 

the 5ccond ye:1r. Food consumption· data Huber· (196S) found that 80 ppm or highc:t· 

•: . . ' 
· ·· indic:~t~··dccre:ued food effidcn~ (kg bod::' wa.s lelhnl .to all adult. mite within 3: ®~ 

Wt; g>lin/kg food' COnsumed) in dogs rectivin~ but no. mol'tllity OCCUrred in ani mills fee· 

.,• 

,·,. 

.. 

. ·: · ... · chlordc:c:onr:."· .. . 4() ppm. in tests extending up· to 1: months 
· Thert were no etrects ·on hem:uocrit.' Huber also report~ n ::0..50~~ incr=se ir' 
hemoglobin~ tOI.:ll' nnd difl'crentilll' white ~ell rood. and Wllter consumption or, mic:e rec 

. counts. or urinnt:~ c:oncc:nti"Jtions or:protcin 4() ppm or more with no :1dditionlll inc:re:l)c 

.and ~uc:ing substD.nccs. . . .. in :.body ·weight. Sublethal: lcvels: hnd. nc 
Liver runction tests (sulfobromophthnlcin effect on the body weights or udults. but lcth11 

·· ... ' 

.. , ·· ... , 

:, '.· :· 

. · · ~tcntion and ·~c:rum cholincstcr:uc) · per:o levels 'led to weight loss· prior to dcnth 
. .. :·formed during Week.180·.on 0. and :5-ppm· Mchendnle (1977) exposed rats to· 50,· 100 .. 

· · doS' showed. no difl"crcnecs bctW~n: the two :tnd :1.50 ppm In the diet for.16 days. Ga.in 'ir· 
· · groups. · · ··. · • · . . · · . · · · body. weight wu reduced :ill~r chlordecon' 
~ · · 0Jb'nn•tO.bOd!" weight dntn 4f'e summArized to" 86, .6!_ and 33% or the control gt'OUJ) f01 , 

·in Table 7. OnJy.thrce.or the differences from the th~ ·doses. res~ively. Chernotr anc:-
. the controls are stntistii::illy sigriific!int: . ·Rogers (1976) round o. decline in. mAterna. 

livel'5 or :S·ppm dogs {p< 0.0 t), nnd kidneys wcittht· gnin during ges'Ultion in rats and mice 
and . hellrts· of :S~ppm 'dogs' Ci<O.OS), ' fed.chlordcconc. NAber- :s.nd W:u'e (1965) rc:c 
Histop:utiologie' cxu.min11tion rcvcnJed ·.no· c:hlordecone D.t 75 and l.SO ppm to l:~.ying hen: 
consistency or gradation rclntJ1ble• to'thc tCl;r · over a 16-week period. Hens fed. the highe 
mnterint level lost body wc:isht. nlthough food ·con· 

sumption wa.s not altered-: the control! 
gained weight. · · · · ~ 

In . the: present .~otudy,'' deprcsJoed ·. growtl: 
occurred at diet concentrntions estinuuC'CI"b!· 

Acute· Or:ll L.050 :valuc:s. obt:~inc:d in the · · "toltistlc:al trclltment to be llS low us .6 ppn· 

OISCUSSlON 

pn:sent study were: '1,3: mg/kg ror male mts for. rc:male!. and :s ppm ror mDics. Focx 
·11nd I :6 _mg/kg for fem:~.Je rats. This· ngrm consumption datn indic:ued :1. trend ·towarc. 
with' the'vlllue or l~mg/lc~rfor both sexes inc:fca5Cd. consumption per· kilosnun·.bod:. 
reported> by Ci~inc:s :(1969). 'the ucl.lte per-- weight.. with :1.n inc:~ing dictllry concen . 
cutaneous· LDSO ·obtained· In r:tbbits was tl'lltion. 

., 
... '··.· .. ·, .. 
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iematolog.ic studie!. indicated 11 tendency 
•ard depression in hematocrit and hcmo· 
bin ''alues. n bleedin~: tendency in some 
;, but no evidence or n clottintz defect. This 
gcsted that e"c:cssi\'c diluu.tion of the tail 
~el~. pos!libly !OCC:Ondal')' to nn elevated 
tabolic rate wcs responsible for this 
!Ct; The only related finding i:. a signific:~nt 
:rcasc in the: hcmntocrit in the quail 
<>rtcd by McFarlcnd nnd Lacey (1969). 
rests for urine concentration or reducing 
)SUlnCClo showed no diet-related difl'erenc:e. 
;u for urjne concentration or protein 
licated that chlordecone in a concentration 
S ppm and higher nccclcratcd and intcnsi· 
j the rate or development or proteinurin in 
s. 
L.i\'er·to-body weight r.~tios were inc:rea:.ed 
both male nnd remnle rats. This ha!i nlso 
:n observed by · Chemorr 11nd Rogers 
176) in pregnant rat!i and mice, by Fubnc:her 
d Hodgson (1976) in mice, and by Ero:.· 
:nko ond Wilson (1965) and McFarland 
d Lacey (1969) in the Japan~ quail. 
Jbcr (J96S) (ound thOt the liver W:I,S the 
ly organ to increuse in size in ull animal~ 
l 30 ppm or more. At 40 ppm, liver weisht 
ublcd in 60-90 days, but iL was nlso noted 
1t enlarged liVcl'li dc:crea~d in size when 
·nted diet wns withdrawn, 
In the· pre!lcnt study, elevated ratios for 
,cr organs (kidney, spleen, heart; nnd 
·IC~) wen: round Ill certain periods, but the: 
lordecone coneentr11tion~ required (or these 
t'C:b to occur were hi~;her than ror liver. 
;nific:mtly decrased rntios occurred only 
r testes at· SO and 80 ppm 111 3 months. 
the Japnnes¢ quuil, McFarland and Lacey 
~69) round the testes or c:hlordcconc•trc:atc:d 
rds were much larger than controls, but 
l:rc: W:l!. no significant difrcrcnce in avcrngc 
!i~;ht. The enlarged testes had dilnted 
minirerous tubules, apl)nrently c:ontnining 
1id. The tubular epithelium was almost 
·void of spermatozoa and spermatids. They 
.'~' reponed an increased weight of the 
Strointc:stinal tra~ in trc:nted animals, but 
) change in the weight or lungs. kidneys. or 

brain. Ero!IChc:nko and Wilson (1974) found 
that immature JapanC)C quail Of both SCX~ 
fed .ZOO ppm chlordecone, when exposed to 
16 hr or light/day. hod ~iJ,!nific:antly c:nlnrgcd 
reproductive organ~. livers, and adrenal 
gland•. When the photoperiod was reduced, 
t~ticulur regression was recorded much 
earlier in males red chlordeeone than 
controls. 

Principal hi!ltopathologk findin~ in ruts 
sacrificed nt 3 months were: degcnerntive 
chanses in liver cells (swollen with margina• 
Lion or ~anules. no frank necrosis) nnd 
teMicular atropb~ in 11nimnls on ZS ppm and 
higher concentrations. Congestion in the liver 
wn:. seen in some animals. Kidney lesion.\ 
found were not markedly diiTerent from those 
normally seen in rnt!i or this nge and did not 
provide n clear morphologic bllllis for the 
finding or elevated protein excretion. There 
nrc Other reports or hepatic changes in• 
duccd by chlordecone. Huber (1965) observed 
focnl necrosis, cellulnr hypertrophy, hyper· 
plusiu, congestion, liposphere formation, nnd 
fewer mitochondria in mice. McFarland and 
Lacey (1969) reported an enlcrgc:d fatty liver 
with plurivacuol:lr inclusions in the quail. 
Fabncher and Hodsson (1976) found an 
increase in hepatic micro!iomnl protein, 
cytochrome P..JSO, Type I and Type ll 
ligand binding to cytochrome P-450, and 
0· nnd N·demcthylation of p•nitroanisole 
nnd aminopyrine in the mouse. Atwnl (1973) 
ndministcred daily injections or c:hlor· 
dccone in com oil to Japanese qunil and 
reported large liJ')id vneuolc:s in the cytopla!>m 
of hepatic cells or dilation of the rough 
endoplasmic reticulum. These latter 5tudics 
nrc: suggestive or induction of the hepl,tic 
mixed-function oxidnse sy!ltem by chlor.dc· 
cone. This is further supported by the recent 
observations of Mehc:ndnlc (1977) showing 
incrc:n~c:s in cytochrome P-450, NAOPH
cytochrome c reduc:msc, nnd aniline binding. 

In rat." surviving between I nnd 2 yea!'$ on 
diet, two tissues (liver and kidney) presented 
lesions thnt were subjected to· special study 
and iinerpretntion. In the liver, the problem 
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concerned a po'-~ible Cllrcinomutous nuture or REFERENCES 
the l~ion5 !ICtn in six rill\ (thrct remnl~ on A!OON\'Io!OU!o (111'16), Rf~t Ull Ctlffli!CII(Mf'JI.• ,,,. l 
10 ppm. one rcmnle nn<i two mules on uJJ4:H/ T~lt11inJI G"Jih CltiiHilfflHH' (1\l'f'U'IP"J: j 
~ppm). Followin~: independent review by Carclno!lfll~ll.l'rolll'llm, CIYI,ion orCOl~r CliUit ' 
rour· p:lthulosi\ts. !hi~ po'llibility rtmuin~ un lnU ~ntlon, National Cam.'et' ln•tltute.. llel.'lll\. I 

· I ~Mu. 
l:qUIVOCil One. 'ATWAL. 0. 5, (lQ7J), Fall)' Chlhllft. and l\eo;.lllo: .:ell ' 

In the. NlldOnlll Cnncer .ln\ltitutc !ltudy ~'cNIIon In DYian li"Cr, An elel.'tron mic~pi.:lil j 
· (Anon)'mou~ t9i6). u. :tignific:lnt incrense ,11.111)' or "'~' to-h:ity, J. (fJ"'P• fatM. 1131 

w:u round in the inc:ic.1ence. or hepO.tOI."ellulor ll,..l!<i. • . . 
Qrcinoma in rats fed chlordccone ut :4 ppm lJAOOm. J. M,, Kt.tiN, · R. I.., THollao~o-Ka.mw7' 

A. K •• Al'OD MtHtND"I.11, H. M. ( 1~':'1), ... l:llk' 
, nncl in mice ti:d :o and 40 ppm. Al~o. the Kei)OM trt~tment or nus: A biD~:hcmlcal Dnct . 

' time tO detectiOn Of the tJrst hep!ltOCeJiuJur ulti'IIUI\M.'tUI'II IIUU)', !1111/'flltfJft1lfJ~H t9, 1911, 
Qn:inomu ob!ICI'\'cd at deo.th Wll:t shorter for C"'"NOI'l'• N., "~D Roat~~S. t;, H. 1 19,M. P~l · f: 
tr~ted tho.n· control mice. In chlordcconc:- . to"k:ity or KeNM In rat, Dlld mlet. TfJ~itul. Af'1>1 • . i 
trcntl:d mil:c ·o.nd r:m. ext..:n~ivc: hypcrplnsic. P~. ~. 11!9-!9<1, · · i 

r h I. I .. .~ Th ' '.J r CoHN, \V, J., BI..A"'IC'- R. v .. CiiUrrtTH, F. c .• J~t., • 
· o t c tvcr Willi a ~o 101.1nw. e·lnch~cnce o ",..0. OuztLIA"'· p,. s. (IQ761, Dl•trlbutlun 11111 f · 

tumors in other tis!lu~. w:.u not 'lignit\.:01ntl:' e~crttlon or. Kepohll In human" C.uii'IHf!lf'f'CII"'" ·1 
ditTcrent rrom ·controls. · 11, 901. . . 

·Regarding the · kidnc)' l~ion!i in. the . DU4tAw. o. Ho 1. K. ~o M!Ht~'<Do.Lt H. ~. · 

d · 'I 1 1 1 · < 19r.a). Ell~ or Kcpone llnd mire" un milo-
prc:~cnt stu y. prtmllrt ~· s omeru o~ eros1s, <:hondrial M~&•'-AT!la'IC· u<:dvlty In 1'111'. u~r. · 
the in!!iden~ in rats red I ppnt did not diiTcr "19-.... " · T~J.tl~. Apftl. PIHlf'lffllroi, ,9, - _.,,. 
iijp\iflontly !'rom the: controls. At hi~hcr DUIIIAH; D .• Ho, I, "-• "ND MtHE!'ID"LI• H. M, 
f~ing level~. chlordecone 11p~nrcd to e:'(crt ct4177b), Inhibition or mltD~:hOI\Urial MII--ATl'ouc . 

. ·some nephrotoll.ic ciTC\:l, , · ~~o~.'tl'llll)' In U.Oiattd Ptrl\IIICd l'llt liver ~ lt:ctponc.' . 
Purebred bengle dop wert (cd.chlordccone Blo<lw~~t;P~. !6,11!5,._11!5Q, 

in their diet in conccn\l'lltions oro. '· '· c.nd 0DAI4H, o .• AHD KOCH, R.. B. (19'1~). lnhlbltlon or 
AT~ a~o'tiYity In ChAnnd CAtfish bl'llln b)' KeDOnt 

~ j)pm for periods. or up to 1:7 weeks with unli Its miuetlon produ~. BuJI. Cltrt/1"011, CtMUIIfl, 

rcw c:lTecu ob5ervc:d attributuble to the ~t Tll.'(/co/, 13. 1!5)-l-'8• 
compound. Ors:ut•to-body weight Mltio deter-. OtWt'l'!', J. ·o •• A.HD GIOMQI!, J •. l.. (1%0), l'tstlcl4t-. 
minnnt5 showed.. three· difTercnco (lncre:1SC5) . Wtldll/t RttJJrw. u.s. Dct!t. Int., Bur. ··Sport· 

· Fl~harin llnd Wlldllrc, Clr. tW. . · · from the· controls. th11t were statistiCAlly . 81t03CHINI(,0, V,. I",, "ND WtUOI'I, W, P. (197.t), 
signiflcnnt: livers or :S.ppm dogs (p<O.OI) Pbolopcrioda and IIIC u lilll011 mo<ilf)tln.: tbl 

. nnd kidneys nnd hellrtS or,' :S.ppm dogs. eft'I!C!s or Kepone In Japanese QuaU. T"~tCIII, Ap" 
(p < O.OS). It is rclt. thnt the kidney 11nd hc::ut l'ltarrtt«<I, !9, .:1:9-:IJ9, . . . 
ditTercnccs. mny reflect the vinuul nbscncc or E•OSCMti'IICo, v, P •• AND Wtuof'j, w. O; 0~~,1.· 

. . Cellularchanan In the J.'Onads. live"- 11nd :adrenal' 
,r11t and consequently clccrctUCd body .wc:tght lllDndll or Japanne Q~~&llaa alfec~C<l tw. the In*"· 

... or the· ::S.ppm dogs, bijt the li'V(r di!Tc~nc.~ tlc:lue kepone. To~JC'OI.Appl,PiulfPflllroijl,ol~l .... "« 
m11y reflect n more specitic c:tl'cct. Howl:'ver. FAIIAC:HBk. D. 1.., -.wo HODQ)ON, E. (19711). Inc~~~>· 
this eJTcct i5 Jess than thAt round in MUS.. . don or htpatk: mlll.ni fu~ion O~diUC ell%)'mft Ia · 

'Thill . investi8lltion. :~nd . related studi~ . ad\llt •mS neonatal mk:a t-)1 rr.~ •nc.t ·mira.. · 
· · d' h h · h. T11:ricul. API'I· l'llul'm«<O. "'- 71-'r.'. 

1n 1~1e t nt. t e. ne~ous. s~tc:m, l c rtp~ c;111,..a. .T. 8, (1%9), Acute 1o,.iclty or I)CilKhloca.. 
duc:uve syst-:m, and. the ltver :tre ma.~or r11.<t~. Appl, Pltumtarot, 19, ,,,_,34, ·· 
.tllrget'S or·c:hlordcc:onc- toxicity. E."<periments GooD, .E., E.. WAilU, o. w., "NO MILUM.' o. F . 

· designed tO elucidntc: the: mcchanismi or these: Cl%:1). l!lfi!C!a orln~oeellddn on reprod~Ktlon In !he 

effects, their reversibility, ·and conlic:quenc:es labol'lltory moUMt: I. Kel'l)ne. J, £('011, Ettromv/,$1.. · 

( · d . d' ) ·-..~ ·~ 'TS<I-7S7. 
e.~J: .. repro UCliVC:. StU ICS ~I'C I'C.'qUh ~;w ~~r. 11 HUII~Ilo J, J, (I%,), Some ph~lolot~iCj!l C'lfem l)r Ute 

·.more complete undc:I'Stllndlftg or the tOXICQ<o ln~tlcldo Keponc In the labOnatol')' ·. mow.r •.. 
lOS)' O( the compound. . . TD.tl~. Afpl, PitGI'I'!llro/, 1, "6-S:4. 

~ . . 
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AM!IO .. , P. s .. FtN~to.-.r.;, J. K., HAAG, H. P., Sr.lJTH, 
R. B., JK., AND HtN"iiO~oH, c;, R. 119f>OJ, Chronic 
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