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Acute, Subchronic, and Chronic Toxicity of Chlordecone, Lanrson, P, S, EGLL, J, L.y JRe,
HenmI0AR, G, R, Lane, R, W, AND BOWZELLICA, J, F, (1979). Toxicol, Appl. Pharmucol.
48, 29-4), Oryl LDSO values were 132 my/kg for male rats, 126 mp/kg for female rats,
73 myg/kig for mole rabbits, and approximately 230 myg/kg for dogs. The percutancous
LD50 for male rabbits was 410 mu/kg. Deaths were preceded by the development of severe
tremors. Gross autopsy findings were essentiolly negative, Rats were fed chlordecone in
concenitations of §, 5, 10, 25, and 80 ppm for up 1o 2 years. All rats on 50 and 80 ppm
‘died during the first 6 months, Depressed growth occurred at concentrations at low us
10 ppm for females and 23 ppm for males, Food consumption tended to increase as the
diewry concentrution of chlordecone became grester. This effoct was associuted with a
measured increase in the metabolic rate. Concentrations of § ppm and higher accelerated
und -intensified the rate of development of proteinuriu. Increased liverstosbody weight

~‘ratlos were consistently observed, Elevated ratios for other organs measured (kidney, heant,
spleen, und testes) were Tound ot certain periods, hut at higher chlordecone concentrations
thun required for liver. Principal histopathologic findings In rats were degencrative
changes in liver cells (fatly changes, hyperplasia), kidney lesions (primarily glomerulo.
scierosis), und testiculnr atrophy, Hematocrit and hemoglobin values were reduced in rats
. receiving concensrations of 25 ppm and above. There was no evidence of o clotting defect,
although some ruts receiving 50 and 50 ppm showed a bleeding tendency. Beagle dogs fed
chlordecone ut concentrations of 1.5, and 25 ppm for periods up to 127 weeks exhiblted

few gross or histopathologic signs of toxicity,

nlordecone (decachlorotetracyclodecunone)

4 polycyclic chlorinated compound also
wwn by the commercial name, Kepone, It
4~ been useful in controlling various inscets
ich us roaches, ants, the banana root borer,
24 the tobacco wireworm, 1t is lipophilic
W very' persistent in the environment
victeall er al., 1973), The production of this

“upported in part by s grant from the Genernl
:vmscal Division of Allied Chemical Corporation,
_ \f’cr}aftmnu of Pharmucology, Medical College
rging, Richmond, Va,
Depariment of Pathology, Medica! University of
wuth Curoling, Charleston, 8.C.

pesticide in Hopewell, Virginia led to an
environmentul contuminution problem of
considerable magnitude, Neurological signs
and symptoms and abnormulities of the liver
and testes appeared in workers involved in the
manufucturing of this substance (Cohn er al.,,
1876).

It has been difficult to devise rational
therapy for acute or chronic chlordecone
intoxication due 10 the relntively few studies
of the mammalian toxicity of chlordecone.

The subchronic toxicity of chlordecone has
been studied in the mouse (Huber, 1965).
McFarlund and Lucy (1969) have observed
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“chlordecone, The latter. Mudy "dealt with
- reproductive effects of the poticide, a» did
“the investigations of Naber and Ware {1965
in the hen’ and Good e: al (1965) in the
.mouse. -

* Other studies. huvc focused upon c:llulur
chxmz,ca in .the liver, gonads, and adrenal
gland' of - Jupangse - quail (Atwal, 1973;
‘Eroschenko und Wilson, 1974, 1975), hepatic
mn.\cd-fum.uon ‘oxiduse induction in mice

' (Fubucher and Hodgson, 1976), inhibitionof. .
-~ ATPuse activity in the cattish brain (Desaiah

-and' Koch, 1978) and rat liver (Desaiah ¢t al..
1977a,0), and fetal toxicity in- rats ‘and mice

‘(Chernofl” and .Rogers, 197b), The Nutional.

Cancer Institute” hus reported that chlors
decone iy carcinogenic in mice and rats
{Anonymous, 1970 ... -
More recent studies have Jdeult with the
- eflects ol the pesticide on biliary drug excre
tion (Mehendale, 1977) und adrenul catechol»
amine content (Buggett:eral., 1977).
The present investigation was carried’ out

to fill the-need for a comprehensive study of

the acute, subchronic, and chironic toxicity of
~chlordecone in two. mnmmnlmn specics, the
rat and the dog. -

METHODS

. Chiurdecone Solunvn and Diers

The material used (n thene studien wax supphied by
Allied Chemicul Tompunty and  contuined 949,
chiordecone, All doses and concentrutions are e\-
“pressed as uctive ingrediznt. Solutions were made by
dinaolving chlordevune in wurmed corn ail, The Hne!
dietary concentratiuns. were oblained by muking
appropriate dilutions of a 1000ppm concentration
“which werg prepated by thoroughly mixing 20 mlof
322 (wiv) corn oil solution of chlordecone with
9uo g of finely nroum& Purinu Chow, :

Auw Tovicity .
Uslng & 3, sutution of' ch!unla.une in ¢orn oil the
acute oral LDIO was Jelermined by the methad of
Llichtieid and Wilcoxon (1949) for mule and female
Wistae albino rabbits (four dJosages with 10 animuls

- eagh), The meun weights wyre: ‘male rats, (30¢:
female ruls, 150 g; rubbits, 2hg The range of body

. weights for the Jo wun 4.5 1o 7.3 Ay The mats wen

uxsow erae '-, . Co

acute toxic- eflects ‘in Jupanese qu.:il fod

" euch, mean waight 2.2

lamied for & hr pﬂor 1o downg, The dou were. l‘w.eq

overnight and given 20 m/kg morphing sulfute w
I"hr before doslng 10 retord emesis, - .

An gtute perculuneouy LD30 was oblained for
male alino radbits (four dosages with 10 animuh

of chlordecone in corn oil, The huir wan clipped {rom

"+ the trunk. which wuy then fitted with a Driizestype
“rublwer girdle und the muterial introduced under the

pirdies. abvorption appesred 10-be complete,
Subchrunic-und Chrom Tunwiy ‘

Rups.. SIx groups of 40 young make (meun weigh;
6d gy and. 40 -young femule (mean weight, 60y .
Wistar ruts were rundomily selecied and placed on

euch "of the following dietary concentrations. of

chlondegone: 0, 3, 1V, 25, 30U, und 80 ppm. The run.
were weighed weehly and foud consumpuon s

me.uund over ¢ Jeduy pericd 4t the end of i, 3. 6,
2 and 24 monthy,

. Hemutologic studies {hemarocrit and hemoglubin,

total and ditferential white vell vounts) were mude on

* five rats trundomly selected) oF each sex ay each dier.”
level ut Jemonth intervuly. Addltional blood studiey.
conducted at the ¢nd @f' the third month includeg *
platelet counts, serum Suhiium. prothrombin clumru :

time, and Fuctor V time.

Pooled urine samples (live animab, rum!uml) :
“selucted) from each sen ut ench dietary level were *
‘wnaiyzed for reducing substunces (Urntix method).
and protein (Shevky and Statford, 1923) at Jsmonth-
intervaly, Oxygen comumption delerminations were

mude by spirometry ut 9 montts on diet,
During- Week 13, five rats {randomly selected) of

euch sex at each feeding lovel were sucriticed. Thi -

was reponted at { year (Or rats on 0 through 23 ppm
{there being ho survivors on 30 and 80 ppm), Addis

tionally, three 10 five rats of exch swex on Sand 10 ppm
Jiets and thres males on 35 ppm were returned 10-
control diet for & weeks wnd then sacrificed, The study
wiy terminuted by sacritice of surviving dnimals after”.
2 yeurs on diet. Orgun (0 body weight rution were -

Jetermined at euch-sucrifice period for Hver, kidneys,
beurt, spieen, und testes, The following: tissues were
tuken tor histoputhutogic study:. brain, spinat cora,

hetrt, Tung, liver, Kidney, spleen, gut, urinary bladder,”
muscle, skin, Mncrun. )

bone marrow,  shelewl
thyroid, adrenul, pituitary, and gonad,

In another study, 40 mule and 40 femule ruts were’
- placed on diets contzining U ond t ppm of chion

dovone. Except for omiwion of vygen consumption
measurements, tut analyses special blood studies, ang
withdriwal studies ot | year, the experimantal detail
were the sume Js in the hnl yudy doscribed above, .

Doxy, Sinteon purchred teugle Jogn immunize
nguimt  distemper ang  infectious  hepatithy - wen
divided Into four groups of twa mukey und twe
femules caCh. AT an uveruge nygy of about & monthn’

L) wing a 20% twiv) solution.
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TOXIQOLOGICAL LPPECTS OF CHLORDECUNE ‘ 1

they were pluced on diets of finely ground Purina
Doy Chow Kibbled Meul comtuiming 0. 1, 3, und
*+$ ppm of chlordecone, Weighed. quuntities of food
Tnoistencd with an equul weight of water were offered
.0 the dogs once o doy for a period of about J0 min
and the umount ¢iaten wis tevorded, The dogy were
wcighed OnCe & week,

Hematologic determinutions (hemoglobin  and

sematocrit and total white and differentiud celf counts)
wetre made prior (o placing the dogs on diet, ut 2, 4,
ind 13 weeks on diet and at 3-month Intervals there-
tftee. Urine concentrations of reducing substances
ind protein were determined on cuch dog at the same
Jdme periods eacept for 2 weeks,
. During Week 108, 1wo Jiver fungtion tests were
srformed on the dogs receiving O und 25 ppm
thiordecane, In one test, the sulfobromophithulein
nethod was used, 10 me/kg being given iv and blood
frawn 1S min later for estimation of the serum
toncentration of the dye, The second 1est consisted of
neasurerment of serum cholinexteruse activity.

Two dogs on 25 ppm were sucrificed #t the end of
Week 124 bnd remuining surviving smimals were
wcrificed during Weeh 128, ‘Ihe sume organ. 1o body
acight measurements were made und tissues tuken for
wstopathologic study as In the study with rats
Jescribed above,

RESULTS
dcure Toxicity

Oral LDSO values abtuined for ruts were

13228 my'kg for males and 126212 for.

emales, Deaths ranged from 2 to 7 days
ullowing dosing, Gross autopsy findings
Acre essentially negative, The oral LDSO
wund for male rabbits was 71 =6 mu/kg.
eaths runged from 2 1o 11 days following
Susing, uli but one occurring within 6 days.
“ross putopsy lindings were  essentially
wiitive, The oral' LDS0 for dogs was
~himated ut about 250 mg/kg. desths ranging
fom 2 10 8 duys following dosing. Gross
IUtopsy findings were essentiully negutive,
The percutancous LDSO found for mule
ubbits wus 4]0+ 65 mg/kg. deaths ranging
ram 310 13 duys following dosing. There was
Htle or no evidence of skin irritution. ,

In all of the species reported above, the
‘Utstanding sign of intoxicution wus the
lk‘\'t‘lopmcnt of severe DDT-like tremors,

' ',hCSC,rcnchcd muximum intensity in 2 to 3
¥ following exposure und gradually sub.

sided over u period of a week or more in
survivors, Exacerbution of the tremars oce
curred whenever the animal becume eagited,
for exumple, by handling,

Subchronic and Chronie Toxicity: Rats

Tremors in ruts receiving 80 and S0 ppm
developed ot the end of 2 and 3 weeks,
respectively, and became progressively more
severe with ume. Slight wtremor became
evident in some rats on 25 ppm at ubout
3 months, devcloped to 4 moderate degree
in a few by 5 (0 6 months, and tended 10
regress rather than worsen with further
passage of time, Rats on lower feeding levels
showed no tremors at any time,

All rats on 80 ppm died within |7 weeks,
Rats on 50 ppm survived well through 13
weeks, but all hud died by weck 25, One- und
2sycar survivals were adversely affected in
femules on 25 ppm,

Body weights, Body weight data ul repre-
sentative periods for rats on S through
80 ppm chlordecone diets ure summarized in
Figs, 1 and 2, Depressed growth wus evident
by Week 3 in females (Fig. 1). Analyses of
regression of the dats with 957 confidence
hmits (Lurson ¢ al,, 1960) - indicute the
eflective concentrations for this (0 be about
3l ppm at 3 weeks, 1dppm at 6 wecks,
Sppm at {3 weeks, 6ppm at 26 und 52

. weeks, 8 ppm ut 78 weeks, and 23 ppm at

104 weeks, For mules (Fig. 2). significunt
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Fic. 1, Growth autu for female ruts fed chlordecone,
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concenteation for a significant elevation’ was

.obout 12ppm. - ‘

500+ Hematology In the hematologic data there -

. ' was some suggostion of depression in
g 4001 _hematocrit on 80 ppm.at '3 manths. and
-3 25 ppm at 1§ months, but the changes Were
o 30 not significant. Total white and ditferential
$ 1004 white cell counts were within normal ranges.

IR An’ unusual development appeared during .
B . : collection of blood for the hematologic

‘ T , ) y studies at 3 months. and was also noted

I SR — . sporadically at later test periods, The blood

' U Th o w w wee  wasobtained by cutting off the tip of the tail,’

uatns © nstend of only a few drops being obtained

. L . "

. [Fio. 3, Growth data rf”‘mm rats fed chlordecone, oo ycun), some of the rats on the 50- aad’
o “depression in growth did pot appear until - .
<0 after Week 3. Therealter, for the periods 1097 ~

listed excopting’ 72 -weeks, group analyses %01 Te,

! ghowed growth to be depressed at 25ppm 807

- and. any higher concentrations, At-$ .and X709

"’ .10 ppm, treated mules grew more rapidly than - 5609 -
_the controls. Thus, at 26 weeks, regression Ssod ™

. analysis indicated that male rots on S ppm 404" s =0

weighed "significantly (p<0.05) more than = 30 LY

. .
o mam el .
“ap,’

".the controls; this was true at both §-and 209, i
.© .10 ppm at 52 weeks, - - 1o
. Rats-on experimental diets for | year thmt 0+ o v Y
resulied in o depression of growth were then - - L— "’, LR
Cea ‘returned to control diet for & weeks priorto . . S
.. . suerifice,. No' definite tendency toward: ac=  -F16.3, Food comsumption of female rats.fed chio

" celerated weight goins was observed during decone.
e this deweek petiod, I o :
. _ Food.cansumption. Food consumption data 199

are summarized. in ‘Figs. 3 and 4. A trend Tosed .
toward . increased ' consumption (per body " ee-
- weight) with increusing  concentrations of ™
" chlordecone was observed, This tended to-- S0

;. become nccentuated with time, - ¢ §eod "Nt
S, Metabolle rate. Body- weight and ‘food <0 |e ==
.. consumption data and the- development of 307 o bed

" muscle tremors: were suggestive of an in - 207 o —

creased. mewaboli¢ rate, ‘Measurements' were 197

. .made during the ninth month and these are | @
SwT e . summarized in Table !. Analysis of regression ~
' . of the data with 957 confldence limits indi= - I

.. .. cated that the upward trend'in females did Ot ra, 4, Food consumption for male rats fed ahl
Cn reuch statistical significance, but in males.the  decone. . . :
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TOXICOLOGICAL EFFECTS OF CHLORDECONL 33

TADLE |

METANOLIC RATE VALUES (as Dettumined ny Oxvary CONSUMPTION) OBTAINLD DURING THE
NINTK wONTH OF FEEDING OF CHLORDECONL 10 RATS

Dictury Calories/m? body surfuce/hr
toncentration
Sex (ppm) Rat | Rat 2 Rat 3 Rut 4 Rat$  Averages

Female 0 k2 320 33.0 26,8 4.0 J0.2
10 h7 R ] 263 3.5 3Le 2.4 e

pi-) k] 28.) .4 k2N 423 3.3

Male 0 0.7 P 274 Jo.2 293 9.9
L) 3.6 20,8 kYN J6.1 0.7 30.7

10 43,4 4.5 385 387 4.5 A

as 6.5 47.9 KxB 9.4 423 41,9

* Significantly different fror control (p<0.05) by regression analysls,

TABLE 2
MEAN URINARY POTEIN CONCINTHATIONS IN RATS RECLIVING CHLORDECONE IN THEIR DIETs FOR 2 YEANS

Urinary protein concentration (mg/100 ml)*

Dietary

concentration 3 6 9 12 1} 18 o b7

Sex (ppm) months months months months  months  months  months months
Femule 0 3o 10 50 60 140 120 140 150
s 30 % 0 100 500 650 650 9%
10 20 $0 130 190 330 650 650 445
3 Jo 160 180 280 430 500 620 590
Male 0 30 90 130 80 J60 450 550 400
. s 40 1 J20 620 640 620 650 540
10 o 280 450 550 630 650 630 SKO
23 Jo 420 350 500 $30 630 650 s

¢ Average of determinations on two samples,

U-ppm dicts bled so profusely that it was
lecessary 10 ciuterize 10 check the bleeding.
cfore this was realized, three rats subses
{uently bled to death ufter being returned to
heir cages, This prompted some additional
tudies, Plutelet counts, scrum calcium con- .
‘entrations, prothrombin times, and Factor
¥ timey were not significantly different from
‘ontrols. An alternative possibility may be
hat the profuse blecding resulted from an
-4nusual degree of dilutation of the tail vessels.
Visual abservation of the tail vessels suge
*esled Jvasodilation, This could reflect an
Heet” on the thermoregulatory mechanism
<condary to clevated metabolic rates.

Urinalysis, The tests for urinnry concene
trations of reducing substances showed no
doscerclated cffects from the chlordecone at
any period in the studies. Determinations of
urine protein concentration ure summaurized
in Table 2. 1t appeurs that chlordecone, in
concentrations of 5ppm and above, ac-
celerated und intensified the development of
proteinurin, There appeared to be some
regression of this cffect in animals from the
S-ppm diet withdrawn from chlordecone for 4
weeks after 12 months on diet, In the separate
study in which | ppm was fed in the diet, no
definite effect on urine protein concentration
was observed, o
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LARSON. rr.u..'"

TADLE 3

’ Lwr.u-ro-uoov WzigHT RaTion On RATS Rumvmo CHLORDECONT IN THEIR Dlm
ron Prnions or Ur 10 2 Yeary®

f e e A -

Ratios x 109 :
. Dietary- 2 months + ,
. © cobeentration . , & weeka .
Sen (ppm) J montha "1 months withdrawal 24 months
Female 10 IS0 Jdm6L () kAL NS L)) 388201 (1
. 3 . AQa=la) T AN0=51 (D X IR )] 4),0=10.2 (1)
S RI=IAW 042107 . IS5 M) SI=ITS O
a3 83l =549 T0.8= 172 (5" - le33=J.0Qr
0 ol 3 =124.(3) - -— —
%0 - B ST (8¢ -, - -
Male 0 Q72350 320E61 ) MO0xdd () A28
s. LR PR 1) -n 3-4.3 %) 364 =0.6 (9 0.4 10,7 (3)
10 N9=1.8( 22100 (%) 4352k () N02sl6H ()
a8 600=39 () 95=1068r HNe2I4 D TSINIBS (Y
0 B2A=9,1 (¥ I - -
0 R ARL) - - -

" ®Yalues are means=SD.

* Number of ratx Indlcated in parentheses,

'alunlmamly different n-om control (p«<0.09) by regrension anulym

TABLE &

klelY-\'O-BOO\‘ Wuou-r Data On RATS RECKIVING CHLORDBCONE IN THER Diers
roR Pxnioos of Ur 19 2 Yeans®

Ratlos x 104
o ~ Dietary . 12 monthy =
o concentration : A 4 weeks
- Sex (ppm) 3 months 12 months. ° withdrawal o4 months
Female 0 69=07 (8" 7.6=1.0(9 N9=0.58 (4) 89232 (14) .
. NWe203 (4) 81079 16+04 (1) S.4=1.1(10)
10 83203 (¥) 74203 (9 71209 (&) 9.6 1.7 ()
pa $3+05(9 7.8%0.6(3) - {28 16D
30 - 922038 (9 T ' - : -
- 80 8.6=07(8) ° . — - -
© Male L0, 802039 63213 (H 7.021.0 () 100 =467 -
* $ ‘$.1+09(H 782U 13139 2=,
10 8.020,4'(3) 8.0=0,8(9) daz=12 12,057 (4),
' 3 88207 (4) 8.3=0.3(5) HA2L6 (3 1 T=30()
8 9.0+ (® - — -

*Values are means 8D,
‘Number ol‘ rats mdicnted ln puremhm
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TOXICOLOGICAL EFFECTY DF CHLORDLCONL A&

Organ weight ratios, Liversto-body weight
jo data are summurized in Tuble 3,
alyses of regression with 957, confidence
ity indicated the chiordecone concentrii-
ns for significont increases in females and
des, repectively, were: 5,3 and 1S ppm
3 months, 8.7 und 9 at 12 months, 5.4 and
5 al 24 months, In rats returned to control
1t for 4 weeks after | vear, the difference in
sans for control und 10-ppm females barely
wched significance at 2 = 0,05 and regres-
n analysis for males placed the concentra.
n for significant clevation ut 3.7 ppm. In
: second study at | ppm, 4 significant
rrease was found only for females at 3
snths, the ratios for controls being 32,9 =
i and for experimentals 36.0 = 2.6 (five rats
cach casel.
Kidney-to-body weight ratio duta are
mmarized in Table 4, Regression anulyses
iced the concentrutions for significant
sreases at 12 ppm for females and 41 for
Mes at 3 months, 17 ppm for mules at
months {no trend apparent for females),
d 10 ppm for males returned to control diet
r 4 weeks after | year (no trend appurent
t females), Group comparisons of 24-month
1a revealed o significant increuse only for
nales on 25 ppm. In the sccond study at
apm, a significant increase was found only
r females atl 2 months, the ratios for con-
s being 6.7=0.3 und for experimentals
1 = 0.6 (five rats in cuch cuse),
Heart ratio data placed values for signis
ant increases ut 24 ppm for females und
~ppm for males at J months (regression
wlyses), 25 ppm for males (group analysis),
id no trend for females at 12 months, no
snificant differences in cither sex in ruty
turned 1o control diet for 4 weeks after
yeur, 28 ppm for females (group analysis)
id no trend for males at 3 yeurs. No
smificant  difference  existed  between the
Ppm rats and their controls,
Testeseto-body weight ratios were signis
antly depressed at 50 and 80 ppm at 3
omhy (4,04 3,4 10=% und 2.6+ 2.3 versuy

209 tor controls) und significantly greater

ul 25 ppm at | vear (8.3 1.2x 10 versus
6,7 =0.7), No significant dilTerences uppeared
at the other ume periods or ut any time period
in the l-ppm study,

Spleen ratios showed no trend except for
significant increasc over controls in the
25-ppm females at 2 vears,

Histopathology. Histoputhologic findings
in ruts sucrificed at 3 months on diet are
summarized in Table 5. Congestion seen in
the liver at 10 ppm was minimal in degrec,
Although degenerative changes in liver cells
(swollen with marpination of granules)
occurred at the higher concentrations, no
frank necrosis was seen in any of the sections
in the entire series, For some unknown
reuson, the liver changes in ruts receiving
80 ppm were less severe than in those receive
ing 50 ppm. Testicular atrophy, scen il the
higher feeding levels in most severe form,
appeared not {o be related to alterations in the
liver, since in four of the animals in which
there was severe atrophy of the testes, the
liver wiis not severely affected.

Histopathologic findings in rats on |
through 25 ppm chlordecone sacrificed after
12 months on diet muy be summurized as
follows, Enlurged livers, indicuted in Table 3,
may be explainuble on the basis of congestion,
Examination of the nervous system did not
reveal any foci of necrosis, The kidney lesions
found werc not markedly different from those
normally seen in & certain percentage of rats
of this age und did not provide a clear mor-
phologic busts for the finding of eclevuted
protein excretion,

Regurding findings on rats sacrificed after
12 months on diet followed by 4 weeks on
control diet, none of the lesions seen uppeared
relatable to trentment,

OF the tissucs submitted to microscopic
exumination from rats sacrificed after 2
years on diet, or dving during Year 2 in
which tissues were not too autolyzed for
meaningful interpretation, only kidney and
liver prescnted lesions thut appeared possibly
related in incidence and degree to treatment.
In kidney, the predominant lesion was glo-
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36 LARSON &T AL,
TABLE §
HISTOPATHOLOGIC FINDINGS IN RATY RECEIVING CHLORDECONE tN THEIR DieTs rok J MONTHS
Dietary
¢onceniration
Sex {(rpm) Mistopathologic tindings*
Female 0 Focal nonspecitic myocanditis in . Bositophllic intiltration of endo-
metrium in |,
{ Focal nonspecific myocarditis, eosinophilic myometritis plus corino= -
philic poral infiltration in liver in 1, -
L Minimal wbular fatty nephrosis in (.
10 Congestion in liver in 2,
28 Congestion {n liver in 2. Low of lipoid in adrenal gland in 2,
30 Minimally swollen liver cells (n 3, Swollen liver cells plux loss of lipvid  §
In adrenut gland in 2. :
40 Swollen liver cells in 3. 1
Male 0 Minimal atrophy of testes in 1. Congestion in spleen in 1. ;
! Chroni¢ bronchitis in 1, Congestion in spleen [n 1. ‘
s No fesions found. .
10 Congestiun o liver in 3. Congeation in liver plus atrophy of testes in I, |
o3 Congestion and palesstaining swollen cytoplasm in liver cels plus !
atrophy of testes in 1, Swollen pale liver cells with margination of I
cytopinsmic granules plus wirophy of testes in I, Swollen pule liver |
cells with marginution of ¢ytoplasmic granules plus minimal atrophy |
of testes in 1. Minimally swollen fiver cells pluy minimal atrophy of !
testes in 1, ' ,
30 Swollen liver cells with murgination of cytoplasmic granules plun
adrenal atrophy whb lipoid loss plua extreme atrophy of testes in !
Swollen liver calls plus marked atrophy of testes in 1, Swollen liver cells
plus some loss of lipoid in udrenal plus slight atrophy of testes in 1.
80 Swollen liver cells plus atraphy of testes in 4, Swollen fiver celly plus

atrophy with fibrosis of testes in 1,

*‘Ten controla of euch sex and five of each sex per diet level of chlordecone,

brown or tan color with numerous smull

merulosclerosis and this wus analyzed as to
cystic structures presenting themselves be

degree uccording to the following criteria:

Crade 1: Minimal thickening of the capil-
lary basement membrane of all of the glos
meruli with protein in Bowman's space and
hyaline protein casts in the tubulur portion of
the nephrom, with slight dilatation of the
tubules. No ecvidence of chronic pyelone-
phritis (interstitiol nephritis),

Grade 2: Moderate degree of thickening of
the eapillury basement membrane of all of the
glomeruli with protein in Bowman's space
and considerable numbers of hyaline casts in
the tubulur portion of the nephron, leuding
10 a moderate degree of dilatation. No or
minimal accompanying pyelonephritis.

Grade J3: Kidneys cnlarged and grossly

ncath the capsule (dilated tubules with
protein). Microscopicully, murked thickening
ol the capillary basement membrane of ull of
the glomeruli with accumulation of hvaline
material in the intercapillary space. Adhe
sions sometimes obliterating the Bowman's
spuce, Marked dilatation of the tubular
portion of’ the nephron tlled with protein so
as to form cystic structures, Some degree of
chronic pyelonephritis was invariably present,
Findings uccording to this grading system
are summarized in Tuble 6. Ruts receiving
| ppm did not differ appreciably from the cons
trols, but at higher feeding levels chiordecone
appearcd to exctt some nephrotoxic etfect,
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TABLE 6

HISTOPATHOLOGIC FINDINGS IN KIDNCYS OF RATS RECTINING CHLOKDECONE IN THEIR DitTs
FOR HETWEEN § AND 2 YEARS

Glomerulosclerosis
% of unimals)

Dietary
concentration” No, Grde Grade Grade
Sex (ppm) ras { s 3 Other leslons
Female 0 e 18 0 0 Fatty degenerntion of tubules (grade 2)
in 1, Vacuolic nephropathy (grnde 1) in },
i 13 15.4 0 0 Fatty degeneration of tubules in 1,
s 17 2.8 17,6 39
[ 12 03 8.3 5.0 -
. L 4 0 W0 0 Chronic pyclonephritls in 3,
Male 0 oY 182 1.7 Vacuolic nephropathy in 1.
. 1 11 18,2 9.1 0 Vacuolic nephropathy (gradi 1) in 1.
L] 6 16,7 16.7 33 Chronic pyelonephritis in 1.
10 9 2.2 a2 2.2 Chronle pyclonephritls in 2.
15 4 0 250 30,0 Chronic pyclonephritis in 2,

¢ Iocludes 17 controls from the leppm study,
*Includes 14 controls from the l.ppm study.

TABLE ?
Oucm-m-Bopv WEIGHT RATIO DATA ON D0oas RECHIVING CHLORDECONE
IN THEIR Diers®
Dictary Organsto-body weight ratioax 10°
congentration
(ppm) No. dogs Liver Kidney Spleen Heart Testes
0 » 2.9+1,9° S53+07 89236 6=12 L4
} . kLY 02+65 5J)+05 6d4=ld 7102 192
3 » 31N.6%74  S5)«10 70208 8.6+09 249
pal 4 45,1223 67404 68=14 95«04 202

* Values are means = SD,
* One dog dying during:the study Is not included,
* Significantly different from control (p<0,01) by regression analysls,

Liver lesions found may be summarized as Males
lollows {numbers of animals studied at each

diet |ovel being the same as listed in Table 7). Opp m“ hyperplasia of purenchyma

Femat cc.lls in |
maies . ! ppm  minimal fatty changes in }
Oppm minimal fatty change in 1; 5 ppm  scrious hepatitis in 1} active
moderate fatty change in | cells nnd fatty change in |
I ppm  minimal fatty change in | 10 ppm  focal abscesses in | plus slight
S'ppm  minimal fatty change in 1} hyperplusia und marked
. hyperplasia in | dilatation of sinusoids;
10 ppm  hyperplasia in 1; lesions in 3 . hyperplasia in 1+

25ppm ‘lesionsin | 25ppm lesions in 3




- - indicated decreased food efficiency (kg body
. wtgainfkg food' consumcd) in dogs reccwmg
N chlordcconc. -

lt is posmble thnt lcszons scen in the livers
ol' three females on 10 ppm ‘and one female

.. and two-males on 25 ppm wcrcc.ucmomtous.

in. nature; - N

) Subchromc and Chronic Tox!my. Dogx

Tremors evident in rats on 25-ppm. dict
“were not observed in dogs on 25-ppm diet.
" Three dogs died during the study, one on

" control diet during Week 71, onc on 1'ppm

.during Week 48, and onc-on § ppm during
-Week 30, All had chclopcd severe dermatitis
carly in the study and’ this contmued in

-, increasing degree until death. .

. Body weight gains were similar’ in nll

: groups "of' 'dogs- during the first vear; but.
- tended to be lower in 25-ppm animuls during

the -second year. Food consumption’ duta

* There were no eﬂ'ccts -on hcmntocnt.
hcmoglobm. total' and differential’ white ¢ell

_.counts, or urinary concentrations of protcm
" .and reducing substances.

Liver function tests (sulfobromophtha!em

.- retention and ‘serum  cholinesterase) pers
. .* formed during Week. 180:0n 0- and 25-ppm
. dogs showed. no dnﬁ'crcncc:. bc:wccn the two

groups. -
. Organ-to-body weight datn are summunzed

) 'in Table 7, Only-three of the differences from
the controls are statistically significant:
- livers of 25-ppm dogs (2<0.01), and kidneys
. and . hearts: of 25ppm dogs: (p<0.08),"
' Histopathologic cxumination revealed ;no
consistency or gradntaon rclnmblc' to’ thc tcst :

material.

DISCUSSION

© Acute oral LDSO values. obtained in the -
present study were: 132 mg/kg for male rats
‘and. 126 mg/kg for female rats, This ngrees
with the’ value of 125 mg/kg for both sexes:
.. reported-by Gaines '(1969), The acute pets
-, cutancous LDS0 - obuained- in rabbits was

38 o I umnra. L o .

N 4I0 mg/kg. whlch 38 consldcrably Ic“ than-‘

the >2000 mg/kg reported by Gaines (1909,
Sherman and Ross (1961) found the acute
oral LDSO of chlordecone to- be 450 my/ky
for New Mampshire chicks, McFarland any
Lacey. (1969) fed 400 ppm chlordecone to
male Japunese quail and found a median

.death time of 10 days with death charucterized

by - extetisive body tremors . progressing’
through ataxia to complete paresis. DeWin
and George. (1960) observed - approximate
chronie LDS0 values of S00 mg/kg tor quaﬂ-

‘and 100 mg/kg for pheasants.

In the chronic feeding experiments,. rats og
50.and B0 ppm ull died during the first €
months and |- and 2evear survivals' were
adversely affected in females receiving 25 ppm
Huber (1965) found that 80 ppm or higher-
was lethal.to all adult mice within 32 days
but no mortality occurred in animals fed:
40 ppm .in tests extending up'to |2 months
Huber also reported a 20~509, increase ir
food and water consumption of mice fec
40 ppm or more with no additiona! increasc
in "body “weight, Sublethal lcvels. had n¢
effect on the body weights of adults, but letha
levels ‘led to weight loss: prior 10 death
Mehendnle (1977) exposed rats to 50,7 100
and 150 ppm in the diet for 16 days. Gain it

» body weight was reduced after chlordecon:

to 86, 62, and 33% of the control group for
the three doses, respectively. Chernoff anc

‘Rogers -(1976) found & decline in. materna

weight gain during gestation in rats and mic
fed chiordecone. Naberand Ware (1965) fec

" chlordecone at 75 and 150 ppm to laying hen:

over & 1G-week period. Mens fed the higher
level lost body weight, although food -con.
sumption was nhot altcrcd the controlz
gained weight, "

In.the present study,’ dcprcsscd growa

" occurred at diet concentrations estimated’ by
-statistical treatment to be as low us .6 ppn-

for females and 25 ppm for males. Fooc
consumpuon data indicated a trend -towarc
increased. consumption per- kilogram: bod:.
weight. with an increasing d:cmrv concen.

‘tration,
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jematologic studies indicated u tendency
rard depression in hematocrit and hemo-
bin values. o blecding tendency in some
;» but no evidence of a clotting defect. This
gested that excessive dilutation of the tail
sels, possibly secondary to an clevated
tabolic rate was responsible for this
«ct. The only related finding is a significant
tease in the hematoerit in the quail
orted by McFarland and Lacey (1969).
fests for urine concentration of reducing
sstances showed no diet-related difference,
its for urine concentration of protein
licated that chlordecone in u concentration
S ppm and higher aceclerated and intensi-
1 the rate of development of proteinuria in
S.

Liver-to-body weight ratios were increased
both male and female rats, This has also
:n observed by -ChernofT and Rogers

176} in pregnant rats and mice, by Fabacher

d Hodgson (1976) in mice, und by Eross
=:nko and Wilson (1965) und McFarland
d Lacey (1969) in the Japanese quail.
1ber (1965) found that the liver was the
Iy organ to increase in size in ull animals
1 30 ppm or meore, At 40 ppm, liver weight
ubled in 6090 days, but it was also noted
1t enlarged livers decreased in size when
-ated diet was withdrawn,
In the present study, clevated ratios for
“er organs (kidncy, spleen, heart, and
des) were found at certain periods, but the
lordecone concentrations required for these
ects to occur were higher than for liver,
inificantly decreased ratios occurred only
r testes at 50 and 80 ppm at 3 months,
the Japanese quuil, McFarland and Lacey
v69) found the testes of chiordecone-treated
rds were much larger than controls, but
2re was no significant difference in average
ght, The cnlarged testes had dilated
miniferous tubules, apparently containing
ud.' The tubular epithelium was almost
‘voud of spermatozon and spermatids, They
~0 reported an increased weight of the
strointestinal tract in treated animals, but
» chunge in the weight of lungs, idneys, or

brain, Eroschenko and Wilson (1974) found
that immature Japanese quail of both sexes
fed 200 ppm chlordecone, when exposed to
16 hr of light/day, had significantly enlarged
reproductive organs, livers, and adrenal
glands, When the photoperiod was reduced,
testiculur regression wis recorded tmuch

_earlier in males fed chlordecone than

controls.

Principal histopathologic findings in rats
sacrificed at 3 months were degenerative
changes in liver cells (swollen with marginas
tion of granules, no frank necrosis) and
testicular atrophy in animals on 25 ppm and
higher concentrations, Congestion in the liver
was seen in some animals, Kidney lesions
found were not markedly different from those
normully seen in rats of this age and did not
provide a clear morphologic basis for the
finding of elevated protein excretion, There
are other rcports of hepatic changes ine
duced by chlordecone, Huber (1965) observed
focal neerosis, cellular hypertrophy, hypers
plasia, congestion, liposphere formation, and
fewer mitochondria in mice, McFurlund and
Lacey (1969) reported an enlarged fatty liver
with plurivacuolar inclusions in the quail.
Fabacher and Hodgson (1976) found an
increase in  hepatic microsomal protein,
cytochrome P-450, Type [ and Type Il
ligand binding to cytochrome P-350, and
0- and N-demethylation of p-nitroanisole
and aminopyrine in the mouse, Atwal (1973)
sdministered duily injections of chlor-
decone in corn oil to Japanese quail and
reported large lipid vacuoles in the cytoplasm
of hepatic cells of dilation. of the rough
endoplasmic reticulum. These latter studies
are suggestive of induction of the hepatic
mixed-function oxidnse svstem by chiorde-
cone. This is further supported by the recent
obscrvations of Mchendale (1977) showing
increases in cytochrome P-450, NADPH-
cytochrome ¢ reductase, and aniline binding.

In rats surviving between 1 and 2 years on
diet, 1wo tissues (liver and Kidney) presented
lesions that were subjected to-special study
and interpretation. In the liver, the problem



concerned 4 possible carcinomutous nature of
the lesions scen in six rats (three females on
10 ppm, one female and two males. on
25 ppm). Following independent review by
" four pathologists, this possibility remains an
equivocal onc.
~In the Nuatlonul Cancer Institute study
{Anonymous, 1976), o significant increase
was found in the incidence of hepatocellular
‘carcinoma in rats fed chlordecone at 24 ppm
‘and in mice fed 20 and <0 ppm. Also, the
" time to detection of the trst hepatocelular
carcinoma observed at death way shorter for
treated than control mice, In chliordecones
treated mice-and rats. extensive hvperplasia
- of the liver was alvo found, The incidence of
_tumors in other tissues. was not significantly
different from controls. -

‘Regarding the - kidney lesions in. the .

present study, primarily glomerulosclerosis,
* the incidence in ruts fed | ppm did not dilfer
significantly trom the controls. At higher

feeding levels, chlordecone appeared to exert

. “some nephrotoxic elTect,

Purebred bcnglc dogs were fed. chlordcconc
in their diet in concentrutions of 0, I, &, and
2§ ppm for-periods of up to 127 weeks with
few effects observed attributabie to the test

compound, Organsto-body weight ratio deters.
minants showed. three differences (increases) |

' (rom the controls. thut were statistically
significant: livers of 35ppm dogs (p<0.01)

" and kidneys and hearts of . 25-ppm dogs.

. (p<0.05). It is felt. that the Kidney and heart
differences. may reflect the virtual absence of

fat and consequently decrensed body weight -

" of the-25-ppm dogs, but the liver difference
may reflect a- more specific eflect, However,
this cffect is less than that found in rats..

_'This .investigation. and . relnted  studies
indicate that.the nervous. system, the tepro-
ductive system, and’ the liver are major
.targets of chlordecone toxicity, Experiments

- designed to clucidate the mechanisms of these
effects, their reversibility, and consequences
(e.g.. reproductive studies) are required for.n

-more complete understanding of the: toxicos

. logy of the compound,

.o
v

LARSON ET AL,

"Atwal, O, S. (1973) Fatty changes and hepati celf

’ Desatast, D,
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