.. CHAPTER 1

GENERAL REVIEW OF THE LITERATURE

"Introduction

Chemically; cadmium stands Bétween zine¢ and mercury. Like Qﬁher_
heavy metals, cadmium hés‘long.beep known sto be toxié. However, this
Qasrnot regarded with méch coqéern untii relati&eiy recently, when iq.
'W§S'realized fhat apart from the_occasional_acutelintoxication, long;ferm
_exposure to low concentrations is cumulative and may be fatal. This
apﬁlieé not only to’high—risk occupations‘aSSOCiatga with metallurgicél
processes, but also,<with.spreading of industri;l pollutioﬁ'and general
popuiatioh. '

Tﬂe hazards of cadmium have attraéted attention which increasedl
‘siﬁcé the rock—soilhplant—animal;maq.relationship became better.kno&n.
‘Increasiﬁg industrial-pollution may endanger life:by the cumulative
toxic;effeéts 6f cadmium. Majof gsources of pbllﬁtion are mining and
smelting, metal éoating, weldiﬁg, incineration of refuse, fossil fﬁels
~and use of.se&age-sludge‘as,fertilizer.‘Cadmium irtoxication usually_
resulﬁs fromAihgeétion or inhalation, but the péfhogenesis is ﬁotrwell
understood.sWith ;hronic iﬁtoxication, the critilcal ‘organ 'is kidqey,
where”oné tﬁird'of body cadmium is accumulated. Apart from diseases
recognized in man, é large nﬁmber_of patholdgical conditions have been
prodpced in experimental animals, including congenital abnormalities,
ovarian, testicuiar and brain lesions, as well és interference with the
_immunelsystem. Their full significance for maﬁ is ﬁot yet known. Toxi-
cologic interest in cadmium has grown steadily over the years and, ﬁosf

recently, has been intensified by éhe discovery that cadmium can cross



the p;acéntaI‘barrier and interfereé with embryonic developmént (Webb

and Samarawickrama, 1981). Th%s finding has causéd‘concéfn among the
'pﬁblic heath aﬁthoritiés about the hézérds_of toxic ihjury from cadmipm
fo the offspriﬁg of expose& populétions in both bccupationai and
community sitﬁgtions. Obviously, the-Literature-oﬁ thé‘toxic'effects of
cadmium is quite voluminogs, which p?eclgdes'comprehensive réview-gf
'the‘subject in this thesis. Thus, in the following sections; only thé
felevant embryotokic effeet of cadmium 1is describéd in some details while
rather brief accbgnts oﬂ ofhéf.gspects of cadmium toxicol6gy and .the

theoretical background offmamélian whole-embryo culture system are

presented.

Naturai Occurrehce of Cadmium

Cadmium is Qbiquitéus in: the eartﬁ crust in very low éonéentrations
and is quite éveﬁly diétributed,:aboﬁt 0.15-0.2;pg g_l in igneous rock
(Winter, 1982). The soil reflects cadmium éontgnt‘of rock from &hich,it

is dériVed. Soﬁe sedimentarylrocks and—their sgiis may havg higher
concentratioﬁs of cadmium Aepenaing on the_aﬁéunf_of organic matter -
inéorporated, in-which cadmium could be‘éccumuléféd through the food
chain. Pécificvisland pﬁgsphqrites is a good exéméle, from which
.supérpﬁosphate is made, witﬁ'up to 9Olpg'g-1'(William and David, 1973).
Excessive use of superphosphate) with accumulated cadmium may thus
contribute to soil pollution. Fossil fuels, particularly diesel and.

other mineral oils, may also contain higher concentrations of cadmium..

Industrial Use of Cadmium

Cadmium is used for metal coating in a manner similar to zinc.

It is more expensive than zinc, but gives a better quality coat. It is



usually-appliéd By é;ectrolysis, occasionally by dipping~ahd spraying.
Another major use i; pigments.in péints, enamels and plastiés; ﬁsﬁ&lly
based Qn-cadmiuﬁ'sulphide which gives colours from yellow to maroon.
'Cadmium és salts of fatt& acids is used_increasingly aé'a staﬁilizer

for PVC and'reiated plastics for protéction’from radiatidﬁ and-oxidation;
and more recently, in nickel-cadmium batteries. In lessérfquaﬁtities,
_cadmiuﬁlis used as.a_cbnstituént of solders, for semiconductors and aé-

a hardening agent for copper (Winter, 1982).

Sourceé of Environmental Pollution‘

The most important source of pollution is mining and,smelting;
Cadmium has a.rélativély high‘vapoﬁr'preésure. Any metallurgical,pfocess
' inQolving heatiné at high_temperatﬁfes wili evaporate cadmium adding to

atmospheré and create envirommental pollution. With large lead smelter§
"for instance, 1eaf_samples 15 km;awayjand 40 km(downwind have sbéwn
ébnormally high cadmium levels (Little and'Mértin, 1972; Buchauer;1973). 
Motor‘fugls‘are a maif, reason for high étmosphéric cadmium levels in
1érge'citieé. In Los “Angeles and‘Tokyo, cadmium levgls pf 0.004Apg.mf3
and O.Oi‘pg.m‘3resoectively; ﬁaYé been meaéﬁfé4 (ﬁinter, 1982)V.

Incinefation of‘doméstic refuse in @n'iﬁdustrial society with
.much cadmium in pigmenté_and plaSticé can be a signifiéant sourcelof
atmosphefic pollution that éeﬁtles‘on'plants and soill(Fleischer et al,,
1974). Another souéé of pollution is sewage when used as fertilizer.
Its cadﬁium content tends to.be significantly higher in indusfrial
cities; compared with résidential'afeas where_if is mainly'derived_ffom
food residues; and domestic and storm water. There is a positive
correlation_Between the amount of cadmium in the sludge and the degree
of indusﬁrialization iﬁ the catchment areas of the treatment plants

" (Sommers, 1977).



o

- Cadmium in Piantsﬁ

i

Cadmi;ﬁ from soil is féken up'by‘plants through their roots' and
ié depégited_dn the leaves from aerial fallout. The majority of cédmium
"content from aerial fallout remains on thé léaf_5urfaée'and cadmium
'rétentiOn is higﬁer with rough‘énd_hairy surfaces (Litéle,-1973). The
amount of cadmium in plants varies with species. ﬁhless there is dust
from recent fallout on the léaves,Aseeds Fend to'contain more'ca&ﬁiﬁm
than lgayes; Rice normally contains a me2n of 0.029/pg.gfl cadmium
(Masironi et al;,_1977), while in highly pblluted areés 0.72-4.17 pg g_l,
with ‘a mean of 2.50 ug g‘l, were recorded (Hise and Fulkefson, 1973).
Cadmium in australian wheat'gfainswranged from 0;012.to 0.036 ug g_l

(Hise and Fulkerson, 1973; Williams and David, 1977).

'Soﬁe species of ‘plants contain exceptionally high concentrations

o _ /

of cadmium. Lounamaa (1956) found 120 ng g—¥ ash weight in lichens, which

was about ten times that in herbs and tree leaves. Edible mushrooms
-may contain a surprisingly high amount of cadmium. Concentration of more

than IO‘Pg g-l wet weight have been recorded (Lorenz et al., 1978).

Cadﬁium uptake.of plénté increases not oﬁly with incréasgd soil
cadmium céntent, but, also with_ the type of séil and particularly its
acidity. Acid soil-ﬁakes cadmiumand other héavy metals more available
to plants _(Lage'merff, 1971 ; -Maclean, 1976 Williams.and“bayid, 1976).

Soil is acidified by SO derived from burning coal and mineral oils

2
with high sulphur content which may be significant in areas around

large power stationms.

From data available, cadmium apparently does not accumulate
in natural eco-systems to the extreme levels reported for other heavy

metals. Excessive cadmium is toxic to plants, causing stunting,



reduced éhloropﬁyll—gbntent, chlorOsis; wilting and necrosis.
Susceptibility varies with species and some,like spinach and soybeans,
are more Sensitive,iwhile‘othefs,like tomatoes and cabbage, are more

"resistant (John, 1973; Bingham and Page, 1975).

Pathological Effects of Acﬁte Intoxication

Occasionally there-may be an acute oral intoxication from solder
in water ﬁibéé; tapé or refrigeration/devices, or from ﬁnwashed
contaminated hands (Cartenéen'and’qulsen, 1973).'Nausea, vomiting,
diarrhoea, aﬁdominal cfamps, headacheiand,salivation were found .in acute

'intoxicafion; ‘In fatal c¢asgs 4 there is shock-due to loss of fluid and;
death within 24 h. Alternativeiy, death may be caused within oné or two

weeks by acute renal failure and cardiopulmonary depression. The Single

-—no~effect _doge-in man_dis-asstdimated to_be 3.mg and.the_lethal dose .

350-8900 mg (Lauwreys, 1977).

The first case of inhaled éadmium toxicity was reported b§‘Sovet
in 1858, @hen three,persbns poliéhingAsilver with cédmiﬁm'carbonate
were e#posed to clduds éf cadmi#ﬁ'dust. No&adays, inhalation of large
quantities of cadmium céusing acute intoxications.occuré usually with
metallurgical prpcésses involving'heating, such as welding, soldering
and smelfing. Welders appear to be a paf;icularly high~-risk group

(Friberg, 1978).

Clinicaliy, there is little discomfort at the time of exposure.
However, several hours.later'bronchial and pulﬁonary irritation_develoﬁ
with dry_throaf; dizziness, Qeakness, chills, fever, chest pain and
;dyspnoea. If-the exposure is fatal, death 1s caused by delayed pulmonary
pedema (Hammond, 1980). Friberg et al. (1974) estimated the fatal dose
ﬁd be 5 mg nr3 of cadmiUm,oxide.fume for 8 h. ﬁesser doses have been

linked with interstitial bneumonia (pneumonitis). The no-effect level



aftgr‘long~term inhalation.isfétiil speculative, but has been eétimated -
as 20-50 ug m-3~9f respirable cadmium oxide and acid-soluble cadmium
dust (Léuwreys,-1977).

The pathogenesis of lungﬂlesions-is'nét well understood, bﬁt
Limited observations indicate pulmonary changés of interstitial
'pneumoﬁia similar to those caused,by'inhalatibn of NO2 (E§an$.et_al;,
1973), or inhalation of ozone (Plopperx e£ al., 1973) and bxyéen
(Kapanchi et al., 1969) inwhigh concentrétions{ It is hypotﬁesized.
that alveolar macrophagesubecome éiceséively stimulated and damaged,
-and release exceséive amounts of‘enzymes from their lysosomes, whos;

digestive capacity:méy damage the.pulmonary tissue (Samarawickrama and

Webb, 1978).

Pathological Effects of Chronic Intoxication- ’

 While acute intbxications_with.cadmium are rare, it is now
réalized that chronic intoxidatiéﬁs are faf more important. Whichever
way cadmium‘is administered,it eventually fipds its way to the kidneys,-
where ope third-of all ;he quyiburden-maylbe'found, predominantiy in
_the cortex. -The oréan with the néxt Highest cénégntration, but élways
lower thaﬁ.in the kidney, is' the liver,

It appe%r§ ﬁhat,both plants and éniméls haVe not_ evolved an
efficient system for eliminating cadmium because of the very low
conéentration of this metal-in'tﬂe environment..ln-aniﬁal, cadmium is
excreted mainly-th;ough the intéstines by desguématiop of epithelial
cells.(Valberg, Sorbiq~ahd Hamilton, 1976). Although cadmium is toxic
to viftuaily every system qf the body, kidneys are theiéripicai organ

for cadmium poisoning. The first signs may occur after a long interval



 following cessation of exposure. It is estimated that under normal
_condltlons in an unpolluted env1ronment iﬁ ﬁan kidneys'have‘accumulated
f50/pg g -1 wet weight by the age of 50 years (Friberg et al., 1974).

i The critical concentratlon appearsvto be ZOO)pg g -1 when kidney failure
sets in. Thevfirst-fuhctional change is glycoeuria, followed by abrupt
diuresié ana aminoaciduria, low.molecular weight proteinuria, aciduria
and hypercalc1ur1a. Deficient kldney function is also revealed by using
concentratlon teste and inulin clearance fests. KJellstrom et al, (1977)
._and Frlberg et al. (1974) reported that after ‘10 years of occupat10na1

_3
_exposure to 25'pg m ~, kidméey /cortex may accumulate cadmium at the

-1
critical concentration of ZOOJPg o 418

The morphological details of kidney damage, like damage to

other organs, have so far mot been fully described in man. Some

conclusions can be'drawn from experimental animals, although information
is still sketchy and there are Qifferences between species. The primary
damage is probably in"the tubules and may be recognized within 24 hours
after cadmium:injection (Murakami and Webb, 1981)..In rats and.rabbits,
desquamation of epithelial cells of the proximal convoluted tubules

have been reporteo, as well" as vacuolation and‘granulation of residual
cells..Kawai et al. (1979) injected.rats subcutaneously with O.SImg kg‘»l
idayfl, 6 dayspayweek-for ZSIWeeks, kidneys showed only'slight:swelling‘
of the tubullar epithelium, apart from minute casts in the proximal
tubules. HoWever, during the next 10-15 weeks, the epithelium of the
proximal convoluted tubules became atrophic and after 22 weeks interstitial

nephrosclerosis developed.

After dosing rabbits with cadmium, Kawai et al. (1979) found

first noo—specific lesions, mainly cloudy swelling in the proximal



copvoiuted tuleeé, which disappeared.after a few mbnthé; followed one
‘year after b; tubular atrophy and intérstiﬁial oedemé.'Afﬁef 19 months,
amyloidosis developed with marked glomerular involvémen;. More recently,
" the charéétefistic of.morphological changes of glomérulonephritis were
reported in rats induced by long-férm oralléxpoéure to cadmium. This
indicatés damége caused by'cadmiﬁm which:may incite an antigen-antibody

reaction which characterizes of glomerulomephritis (Joshi et al.,1981).

Liver tends to contain the second,highest‘cénCentration.of
cadmium, and a variety of lesion€ have been deseribed in a number of
_experimental animals (Stowe ef al.,1972), including single parenchymal
 cell necrosis, focal necre$is, congeétiqn, vacuolation of Kupffer éeils,
lymphocytic-infiltrhtion, fibrosis; Biliary hyperplasia, desduémation

of lining cells and changes im the smooth and rough endoplasmic reticulum.

r]

The pathogenesis 6f c;dmium ﬁepatotoxicity is not clearf It appea%s that
functionalhchénges as indicated by iiver.function tests precedé
morpholégical changes- (Cook et al., 1974), and the_critical determining
factor of cadmium toxigity is not the administered dose, but rather its

tissue concentration (Colucgi et al., 1975).

" Cadmium and Testieular KChangesy

The testéé appear -to be the most susceptible orgaﬁ‘to cadmium
toxicity, although their cgdmium céncentration is'£he least of all
organérwith the exception of blood (Gunn and Gould, 1970).'Followiﬁg

_parenteral.injeCtion of a soluble cadmium salt, there was a very rapid
progrgésion of cﬁangés in the testes and~proximal part_of the epididymis
whiéh included héemorrhagic necfbsis'followed by atrdphy and permanent

sterility. The nuclei of the spermatozoan precursors were disrupted,



thle thg mature spefﬁatoZoa were less affected (Gabbiani et él.,;97;;
Lee and Dixon, 19735f These'chaﬁgés_ﬁere seen in rats, micé énd opher
scrotéi mammalian species, but not in noﬁescrotal animals‘such as

" hedgehog and shrew (Dryden and’McAliis;er,-1976), and birés (Loftsvand

Murton, 1967).

. Lesidns could.be prevéntéd and normal matipg rgactions as well"
as fertility could be preserved with maiptehance doses ofrtestésférone,“
'indicating that these changes were secbﬁdary to.tﬁe.ldss of androgen.
Changeé in the accessory glands were méinly atropﬁy and COpsistent with
what cduid be expected with Toés of éndrqgen production (Chandlerrén&
Timms, 1976; Saks-e;{a et aid, A1) Although‘ the mechanisms of testicular
lesions have not béen fully clarified,; they appear to be caused primérily

_by damage to the testiculax endothelium, and circulatory failure

(Chiquoine, 1964; Schlaepfer, 1971).

Cadmium,and Ovarian Changes

Ovarian changes have been produced by cadmium in prepubertal
rats (Kar et al.;1959), hyperaemia‘df ovaries, atresia of follicles and
haemorrhage "into the follicular cavity, followed by recovery after

about one week. The Gvaries lof /adult ratsinete not-affected.

.Plécehtal_Transfer of Cadmium

- A'Qariety.og'aﬁimal species inclﬁding mice-(WolKowski , 1974),l
hamsters (Ferm e£ al.;1969); and rats (Sonawane et -al.,1975) have been
used for investigation; Early»s;udy>by Berlin and ullberg (1963), using |
autoradiography, demonstrated én uptake of caamium_in mice placeﬁta’

109(:(.1

after intravenous injection of labelled cadmium ( Y. No cadmium

accumulation in the fetuses was observed. Because of the extreme
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concentration differencé between the mother and the fetus it was
suggested th;t‘wholeébody autoradiqgfaphy ﬁay not be sengitive enough

to detect the extremely small amouﬁts of cadmium in fetal tissues

. (Wolkowski; 1974), Later studies Qith mice which were ihjeqted(i.V.)with

-109Cd on the twentieth day of gestation showed that cadmium could cross

the placenta éna reach the fg;us.‘Néonatal mice showed a cadmium content
of approximately 0.09 % of the maternél dose as detérmined.by Qhole—body
s;intillatipn‘édunting‘(Tanaké et al., 1972)._Placentalﬁtransfer of
cadmium has also been demonstrated in neonatal hamsters with long
administered on the eﬁghth daviof gestétionc(Ferm'et al., 1969).

A 60—fold'dec;eaée in _embryo-cadmium content was dgtgcted between day 9

and>day 12 of gestation. These authors suggested that the developing

yolk sac might be actively /removed some of the cadmium from the fetus.

X
PO e o S -——

howeaver naoode A ha ~AAanfirmod hxr
1y CWever, 3 g

The protective function ofl the yolk sac was not observed in mice where
the yolk sac ceases to exist in late gestational stage résulting in an’

increased fetal mortality ( Wolkowski, 1974)

It was found that fetal and neonatal gut and liver concentrated
a significanf amount of cadmium as a résult-of in utero expoéﬁre to
cadmium in early gestational peroid (Lucis! et ai:, 1972) . Sonawane
et al., (1975) showed that tad@ium may cross, the placenta at any time
of the pregnancy. The placenfal end.fetal czdmium ébncentrations also.
1increase with'thé dose of cédmium exposure and with,thé gestational
stage of the animals (Sonawane et al.,”i975).,Ahokas and Dilts (1979)-
also demonstrafed that only a small amount of cadmium reacﬁedAthe |
- embryo prior to tﬁe formation of a functional placenta. Affer |
establishmept of placenta, large a;cumulatioﬁ of cadmium was detected

in the placenta with compardtively little cadmium trénsferred to the
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fetus; Howé&er, the plaéental cadmium.transfer_increased with the

dosé of cadmium exposure (Aﬁokés and Dilts; 1979). In én attempt to
deterﬁiﬂe fhejexfent of placental barrier to cadmium.transfer, Kelﬁan.

" and Waiter (19775.measdredAthe biood cadmium concentratioﬁs on.éither'
side of perfused guinea pig placenfas. Tﬁey'found that cadmium was
jcleared very rapidiy from the-maternal blood, and‘tﬁat this clearance
was lineafly rélatéd to perfusioh.rate. it w;s suggested that the low -
"maternal fetal cadmium ﬁ;ansfer is iﬁfluencéd by-faétors such aévmaternal
metallothionein fuhétibq or-the maternal plasma cadmium levels and mayl
--not be.related to the effeptivenésslof_the,placental barrier (Keiman.

and Walter, 1977).

Recent studies indicatea thatra cadmium-binding protein (éBF5t
found‘in the méternél system or iﬁ.the placehta may pléy an important
role in the fetotoxicity induced by cadmium. The synthesis of this CBP
is believed to be zinc dependent._Investigation.by parizék et al.(1968)
demonstrated that .zinc-deficient rats displayed greater fefotdﬁicity
ﬁpon exposure fo cadmium. Howevef,‘no‘éignificant differénce in fetal
cadmium conteﬁt was observed betweéq control or zinc deficieﬁﬁ animals
(Rohrer et al., 1978); Thus the CBP;may exert its prdtective efféct on
the fetus by complexing wiﬁh'theicadmium-at the maternal or placental

;level without reducing the placental éadmium transfer 6r fheAfetal

cadmium content. The' precise protective mechanism, however, has not yét

been described.

Pathological Effects of Cadmium on the Placenta

Using pregnant albino rats, Parizek (1964) first reported that
a sipgle'subcufaneous injection of 0.04 mM (4.5_mé).CdCiZkg-lbody weight
given to the animal on gestétioﬁal_day-17'to‘21 resulted in degenérative
changes of.the placenta(pars fetaiis) and hemérrhage within 24 hours

of administration.
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Despite the removal of fetuses-from the womb prior to cadmium
1n3ection, the remaining placenta in situ still exhibited vascular
degeneration upon cadmium administration. Chiquoine (1965) performed
a subsequent experiment with mice to examine the sensitivity of the
placenta to cadmium tox1c1ty in relation to the time oi pregnancy
Animals’ were’ injected subcutaneously with 6.7 mg CdClzkg 1body weight
between gestational day 1 and 17. It was found that injection_of cadmium
on daysrl,to 5 of pregnaney resulted fnformal fetuses at parturition.
Gross signs of placentavand decidual‘necrosis and hemorrhage were
observed in animals injected with the same dose of cadmium after the
thirteenth day of -pregnancy. Hemorrhage Within the uterus and embryonic
death were found in tHese' animals. Between day 6 and 12 of pregnancy,
similar alteration of the uterine vascular system and microscopic
changes in the embryos showed a' varying degrees of autoly31s.and
degeneration. It was concluded that a single injection of cadmium
chloride given to pregnant mice on any day from the sixth to the
seventeenth oftpregnancy:results'in intrauterine death of the embryos
and localized necrosis‘of theAplacenta'or adjacent decidual tissue. |
Desoite the acute and rapid placental necrosis.and'fetal death, no

irrevocable harm was reported in the matermal ahimals.

Webb.(1970)'also reported consistent,placental necrosis and
intrauterine'embryonic death In rats which‘were injeCted subcutaneously
with 2.5 mg-CdClzkg_lbody weight on day 11, 15,17, and 18 of pregnancy.
Preinjection -of cadmium prior to mating Produced orily minimal effect
on the pregnancy. It‘nas concluded that nreexisting stores of cadmium,
accumulated befonapregnancy, are not mobilized by the maternal animal .

to produce any significant damage to the developing fetus.
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Teratogenic Effects of Cadmium -

A nﬁmber of studies have demonstfafed-that cadmium interferes
ﬁith prenatal mammalian development and may cause a wide range of
‘malformations (Ferm an& Carpenter, 1968; Ferm,‘1971; Barf} 1973).
Despite various factors such as strain of animals, route of adminiétration,
dose of cadmium given, and period‘of gestatioﬁ that may influence the
teratogenic effgcts of cadmium, facial malformatipns.seem to beﬁé-
consistant and prominent finding in’cadﬁium—induc;d teratology

(Mulvihill et a1., 1970; Ferm, 1971: Barr, 1973).

Mulvihill et -alag " (1970) investigated the facial malformation in
hamster fetuses.inducéd B& int vavenous administration of cadmium sulfate
- (0.44:mgkg-l)on day 8 of prégnancy. Delayed ossification of'the.palatine
shelves aé well as the absence or bifufcation of the cartilaginous
nasal system was found in the t4<day fetuses.>0ther skeletal defects
(ribs,limbs, and skull) were also obgervediin rat and mouse embryos
efter cadmium exposuré (Barr; 1973; Fefm, 1971 Gale énd.Ferm, 1973).
»lBesides skeletal anomalies, Bérr>(1973) re?orted a~markedly attenuated
abdominal musculature, unde;cended tésticles,.apd deformities ofieyes
. and ears éf rét fétﬁsesIeXposed to 1{?.mngC12 kg_l on day.Séil of
gestatioﬁ. | ’

From, the abowve ‘studied, it is not fully recognized whether \
cadmium acts directly on the fetus or'indiréctly thfdugh alteration-of
maternal metabolism or nutritional function of placenta. It is therefore
,important-to evaluate the toxic activities of cadmium under various
experimental'conditiéns. Thé most importance is the study of its adverse
effects on embryonic tissue,'which i#lknown to be very sensitive to |

chemical injuries.



Problem and Outline of Plan

In recent yeafs, techniques for the culture of péstiﬁpléntétiqn
rqdent'embryos have been refined'to‘a point-where-simple and rep}oduciblé
me thods suppoft growth aﬁd deveiopment which appfoximate‘that'of
embryos ihn vivo (see Néw, 1978, for review). The possibiiit§-of
ﬁaintaining éiable mémmalian conceptuses.in vitfo is particularly
attraétive‘to-tdxicologists since.it removes the complex influences of
the maternal environment'upbn toxicogenié'actiVity; PostimplantatibnA
embryo culture has beemstitilized in several imvestigations of the derect
émbryotoxicity_of agents (Ne&; }978; Fochhar, 1980; Schmid et a1.,1981;-
Schmid et al., iQSé). Redent japplications inelude the detection of dilanﬁin

-teratogenic activity in Human' senum|(chatot et ai.,1980)‘and fhe
demonstration of»cyclophosphamide bioactivation to an ultimate teratogen
(Fantel et él., 1§79). The aim '0f the work to be described in the
present thesié is, therefore, to evaluate the relative.embryotbxicity
of cadmium chloride with the postimplantation embryo culture system and
compare its effects with those induced iﬂ ino. For these purposes, in
the first series of éxperiments we investigated tﬁe'in vitro éndvin utero
groﬁth ana deQelbément of méuse embryos, in vitro dose response.
relationship of cadmium chlo;ide,'and the-influgﬁce of cadmiﬁm chloride

" on grdwtﬂ and development of mouse embryos=in vitro.‘In'the seconq

series of experimerts,! we ifivestigated: in(vivo |dose Tesponse relationship

of cadmium.chlofide, the adverse effects of cadmium chloride administered
during organogenesis—phaée of embryonic development in utero, and the
effects of cadmium chloride on postnatal growth and development.
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