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Toxicity, Fertility, Teratogenicity , and Dominant Lethal Tests 
in Rats Administered Cadmium Subchronically 

I. Toxicity St~cles 

~HIZLYO Su-rou , K Y•)KO Y \ .\!tA:vtOTO. Hl~CMI SE::-<DOT "'· Kazl:E To rv~oM" rst.: . 
y -'.Sl: YOSHI Si-iiMlZ~' \ .... ;:: \( 1 ~EA.·\Zl; 3CCI':' \MA 

In <Jrder to obtam .ln overall understanding of <he toxicity of .:admium tCd) . 1 ; ingle 
expenmental ~cries was design~ <o investigate the diverse effects of Cd. Four groups of 
5Df:li!Ut! - i:"•a •., ie :; ··:us. ~ach ,)( which ·:on~i s: t:d vf :-> '11Uie .llld l-' remaJe OllS . Wt:re 
.1dnurustered CJ .. CJClt)orally at Jose leveis ofO. J.l. l. O. iO.O mg•lti!idaY for 6 'Neeks. :>.fter 
:his. the ulimals were mated for 3 'Necks. changilli ;Jartnen :very week. for fert:i.liry and 
!erat~eniciry !C'itS. Cd was §iven Juring this manng period. Females were administered Cd 
·Juring ~e~tation and .;acriticed 0n the ::Oth · 1a~ vi ge~tation for fetal -::<amination . . ~tier a 'otal 
vf ·~ weeks !iiministration. males were subjeca:d to •Iominant iethai Lests J,v ·.natiniJ : r'emaics 
per male per week for 5 •~o~eelts . Pregnant fcmaies 'lolere itilled on dle l3th ;:lay :Jf ~e~tation to 
·.est ~or Jommant lethality . This Japer rP.purts :he results . <Jf :nc ~ener:l.l roxicity ~ests . The 
:nam toxic i igns . >een .mly in :he ;o 1l!!/kg goup. were repre~sion of :ood ;make md :,udy 
wcigilt ~ain. jepilation. ·~o~nitening of :he mcison. and >alivation. Hematotog~cai maiy~es 
;nowed :hat '.he :~umber of R.SC increased ·~o~hile hemoglobin md llematocnt :evels 
decreased. :llld :he 1Umber of wac :ncrca.sed. mainly as 3 re~uit of neutrophilia. Serum . 
:,iochemical ·lnaJyses indicated increased :evels of GPT and .:reatinine. reftec!ing damage :o 
~he liver .llld kidneys. !ncn:ased glucose levels were ;een in males . .\ major change found .u 
r.he time Jf autopsy by macroscopic ob~ervation of organs wll!l hypertrophy of~he jeJunum and 
ol eum with a. darkish-brown color in 1onpreg!Jant females <Jf the !0 mg1kg goup. 
\>f.icroscuptcally . !lyperpia:;~a ilolllh a. !til!b frequency >Jf mituuc figures was seen ;n the lamina 
propna •nucosae. The '.\IC!ght of the thymus decreased and the weight of ~he .ldrenals 
:ncreased :n both males and females. The weight of :.he ovaries decreased. ~ajor 

;,Jstopathological changes were. focal necrosis in the liver and b~rplasia of the llirenaJ 
;ortices ·~o~ith patchy necrosi!S in 11onpregnant females of lhe !0.0 mgiq J!'OUp. Determination 
uf C d in the liver md kidneys ::~uggcsted that excretion of the accumulated Cd was slow. Two 
aspects of Cd toxicity, i.e. , the inhibition of nutrient resorption by unresorbed Cd and the 
tOxicity expressed by resorbed Cd, as weU as the ..::msative factors of the adrenalltypcrpl~ia. 
.1re -:liscussed. 

INTRODUCTION 

Cadmium <Cd) causes diverse toxicity in experimental animals and man: tt ts 
associa!ed with the so-6ill.ed "itai-itai'' disease. Some ofthe reported to.'\ic effects 
ofCd, however, such as ~hemical sterilization (Parizek, 1960), teratogenesis (Ferm 
and Carpenter. 1967), and cytogenetic anomalies (Deknudt and Uonard, 1975; 
Watanabe eta/., 1979) were obserwd under extremely artificial conditions such as 
intratesticular administration of Cd at a high dose level and intraperitoneal 
administration ofCd during organogenesis . Since exposure routes to Cd are usually 
oral or through inhalation. and exposure is chronic. oral and subchronic 
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administration was .:hosen for our experiments.· As the toxic effects of Cd are 
di·;erse , attempts were made LO investigate a wide range of toxicity in a singie 
e:'f.perimental series. namely . general toxicity, ferility, teratogenicity, and 
dominant lethality . This paper repons the results of the toxicity studies. 

MATERlALS AND METHODS 

The experimental design is illustrated in Fig. l. Sprague- Dawley rats at ..t ·~eeks 

of age were purchased from Shizuoka Agricultural Cooperative Assodaticn for 
Laboratory Animals. The animals were fredy supplied with pe!leted ·U'f chow 
(NMF, Oriental Yeast Co.) and water and kept in wire cages in pain. The cages 
were placed iB a fu11y air-<onditioned facility where tbc temperature was regulated 
at 24 z lOC. and the humidity at .S.S z 5% • • Vier a tam.ing period of a week. four 
groups. each of which consisted of 14 males and !4 females. were orally 
administered Cd (CdCl,, Wako Pure Chemical Industries, Ltd.) at dose levels ofO. 
0.1, 1.0, and 10.0 mglkgiday for 6 weeks. Males and females in each group were 
mated 6 days a week for a maximum of 3 weeb, cbaning partners every week if 
necessary. Administration continued throughout the mating period. Copulation 
was confirmed by detection of spermatozoa in vaginal 'mears. Pregnant females 
were administered Cd throughout gestation and were killed on the ~Oth day of 
gestation for fetal examination. Nonpregnant females were killed after a tQtal 

administration period of 13 weeks. After a total of 9 weeks administration, males 
were subjected to dominant lethal tests by mating 2 females per male per week for 6 
weeks. Pregnant females were killed on the 13th day of gestation , and the numben 
of corpora lutea, live fetuses, early deaths (no remnants of fetuses), md late deaths 
(remnants of fetuses) were recorded. One week after the cessation of dominant 
lethal tests, which represents a recovery period of 50 days, male rats were killed and 
examined. 

Body weight was determined once a week for males, and once a week before 



.... . 
<· 

ts of CJ are 
y in a singje 
enicity . and 
dies. 

1ts at 4 weeks 
;sociation for 
~ed dry chow 
rs. The cages 
Nas regutated 

i 'l week. four 
. were orally 
.J S~ levels of 0, 
.: h group were 
. ~"ery week if 
)d. Copulation 
-:llD.ant females 
h~ lOth day of 
:d ·iller a total 

:;; tration, males 
c per week for 6 
od the numben 
md late deaths 
n o.Jf dominant 

; were killed and 

:= a week befcre 

TOXlCITY OF CADMit:M 41 

gestation and once every 2 days after gestation for females. Food and water 
consumption was measured once a week for the first 6 weeks. After matina, the 
,;onsumption was determined twice a week for pregnant femaJes onJy. 

H~matologicaJ observations were carried out on btood from the orbital plexus 
venosus. Numbers of RBC and WBC were counted with a micro cell counter (Toa 
\-ledical Electronics Co.). Hematocrit was determined by a centrifugation method 
.1nd hemoglobin. by a cyanmethemogJobin :nerhod. f:-actionation of W'BC was 
;J ~::·..:mned on bleed ;;mear'3 5tained with Wnght-Giemsa ~uid . 

Ser.Jm oiochemicai 1naiyses were carried out ·Nith Hitachi automatic :malyzer 
\1odel 400. Hitacht. l:d. i. Parameters ':ested were GOT (a modification of the 

11ethod of Reitman- frankel). GPT (as for GOT). alkaline phosphatase fa 
modification of the method 0f King- K~ng). LDH fcolcrimetry of pyruv·ue by 
rea~~ion with d.initropheny!hydrazine) . ~ct.ai ;JrO£ein (the biuret method), albumin 
1 :he BCG method). blood glucose 1 the gluccse o.~idase method) . urea- nitrogen (the 
urease- indophenol method). creatinine (the method of Jeffe) . bilirJbin (the method 
of Jendrassik-Ceghorn). and globulin !tctal pror.ein minus albumin). 

Animals were bled to death under anesthesia with ethylether and 1ubjected to 
autopsy. In me cases of pregnant females used for ferJlity and teratogenicity 
studies. the thymus. heart. lungs, liver, \c.idneys, spleen, adrenals, ovaries, and 
placentas were removed and weighed. The number of corp<>ra lutea was counted 
under a stereoscopic microscope. The number and !ocation of live, resorbed, and 
macerated fetuses were counted and recorded. Live fetuses were subjected to sex 
determination. :neasurement of body weight. body length. and tail length, and 
e.'l.amination for externaJ malformations . .\bout one-third of the live fetuses were 
fixed in Bouin' s fluid for visceral examination by the method of Wilson (1965). and 
the other two-thirds were fixed in 70% ethanol for sketetal examination by the 
method of Dawson ( 19'26). 

After hematological examination. blood was collected from the arteriae femoralis 
of :naie rats and sera were isolated by centrifugation for biochemical analyses. After 
macroscopic examinatio9. the thymus. heart. lungs. liver, adrenals, kidneys, 
spleen. and testes were removed and weighed. In nonpregnant femaJes, the ovaries 
and uterus instead of testes were removed and weighed. 

The organs of three male animals from each group, of three female animaJs from 
the 0 and 10 mglkg groups, and of aD nonpregnant femaJes were fixed in formalin 
fixative, stained with hematoxylin-eosin. and examined histologically. In addition 
to the main organs. the cerebrum, cerebellum. t."lyroid, eyes., stomach, duodenum, 
ileum, rectum, pancreas, urinary bladder, aterus. and ovaries were also examined 
in nonpregnant females. 

Examination of the fundus was carried out with a fundus camera (Kowa RC2. 
Kowa Co.). The ratio of the width of veins to that of arteries was detcnnined by 
r.:easuring three pairs of veins and arteries per animal . 

One. one, and two pregnant females from the 0, 1.0, and 10 mg/kg groups, 
iespectively, were subjected to rentogenograpbic observation u:ring Scftex 
(CMBW, Softex Co.). 

The determination of Cd in the liver and . kidneys was carried out by 
homogenization of the tissues. fuilowed by lyophilization. oxidization to ash with a 
?iasma reactor (PR-503, Yama£0 Scientific Co.l. dissolution in l/50 N HCl, and 
1nalysis with an atomic absorption spectrophotometer (~odel308. Hitachi, Ltd.). 
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FIG . :! . Body we1ght changes of male :md female ra1s . Control (e); 0.1 mgikg (C); 1.0 mgikg ( ~1 : and 
10.0 mgtq (C). 

RESULtS 

General 5 ymptorns 

One female from1 .:ach of the 0.1, 1.0, and 10.0 mg/kg groups was killed by 
misadministration. Major toxic 3ymptoms observed in 14 males and t3 females in 
~e highest dose group (10 mgikg) were as follows: depilation. 2 :nales and ~ 
(emales : ;aiivation. 3 males and 6 females; bleaching of incison. 8 females. 
C.e~fation began appearing 1. week after the start of administration at ~he head :Jr 

bad: area, and required about l month or more for recovery. Some did not recov'!r . 
J\nimals of the other groups did not show such major symptoms. 

Body Weight 

Figure 2 shows the changes of body weight. Administration of 1.0 m.glkg sfightly 
suppressed the body weight gain of maie animals and no recovery was seen during a 
period of 7 weeks. Severe suppression of weight gain was brought about by the 
administration of 10.0 mgikg. The recovery ot'body weight gain was btphasi~. being 
initially rapid just after the cessation of Cd administration and then slow throughout 
the remaining recovery period. Mean body weight pins for the 0. 0.1. 1.0, and 10.0 
mgtkg groups during tbe <Ldministration period were 329 , 330, 295. and 203 g. and 
those during the r~overy period were 86, 94, 89, and 161 g. resP«tively. Only the 
10.0 mg~kg group showed growth retardation in females both before and after 
mating. Body weight gains for the 0, O.l. 1.0, and 10.0 mg/kg groups was 129, 130. 
112, and 9l g before mating and 131, 126, 120, and 62 g during gestation, 
respectively . The poor growth of pregnant females in the 10.0 mgikg group 'Nas due 
to the combined effect of the toxicity of Cd and tbe small number of live fetuses , 
whi~h in any ..:ase showed growth retardation. 

Food and Water Consumption 

There were no marked differences .in food and water consumption among the 0, 
0.1 , and l.O mg~kggroupg. A.:llmais in the 10.0 mg/kggroup co nsumed less feed ·1nd 
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water than those in the other three groups. Wben the food efficients were calculated, 
the 10.0 mg.lkg group showed a smaller value than the others. The food coefficients 
1g body weight gainlg food consumption/day) of male rats in the fourth week. for 
example, were 0. 139, 0.136, 0 .. 147, and 0.072 for the 0, 0.1, LO, and 10.0 mgikg 
groups, respectively . 

T1bie l shews the crgan w'!:g.'tts of :na.ie :1nd ;>regnant female iats. Since the 
:naJes were :C.iled after a '"·~covery ;>er:;od of""' ··,..ei!XS. rwo factors. 'he lasting toxicity 
d Cj and :he re~overy pr0eess. w-ere ;on~ider'!ri :o be rerlected concomitantly in 
c!'ie naie:;. :\s t~e f.::maies '.vere :cilea dunng t~e ,?eriod of administration, to:ticity 
was retle~:red m0re dir-ec~y ;n the t~males . I)e organ W'!ights oftbe thymus , liver, 
and ovaries dec-eased . Ht)wever, since che body weight of pregnant animals is 
Jifec~ed by fe!uses . the reiauve organ weighr3 are not reiiabie. Thus, it is difficlJit to 
determine whether the decreased organ we!g...ltt was a result of body weighi decline 
or specific toxicity ofCd. The woeight ofthe a.drena.ls, however, increased in spite of 
the iower body we1ght, and :.h.is was a.iso t.he case for :na.le animals. In maies, the 
r.o:!ative ·.>rgan weights of the lung, heart, iiver. ;).Dd 'ipleen were greater than those of 
the -:ontrol group, which might reilect some aspect of the recovery phase. 

H<!matology 

Hematoiogical findings are :.isted in Table !. Here lpin, females re11ect the 
to:;ccity of Cd more directly rhan :naies. While :be :~umber of RBC increased in 
:·emaJes of the lO 'llgikg group. leveis of :temoglobin and hematocrit were greatly 
:educed. indicaung the appearance of smaller R.BC than normal. The number of 
WBC also increased. Fractionation of WlK indicated that the main contribution 
was due to :he increased !lumber of :teutrophils, r.hat is, neutrophilia. Increased 
numbers of K.BC and WBC were :llso ~een in :na.les. Hemogiobin and hematocrit. 
however ' had recovered to normai levei6. 

Se!'um Biochemical AnaLyses 

The results of serum biochemical analyses are shown in Table 3. Nonpregnant 
females ~bowed increased ieve!s of GPT and c:-eatinine, indicating damage to the 
liver and kidneys. respectiveiy. After a recovery period, the males sbowed 
significant differences from the .;ontrol in hav!ng a Jecreased level of albumin. an 
increased leveJ of globulin, a decreased AJG ratio~ and an increased level of 
.:reatinine. Thus, toxic effects ofCd were still app~nt in the liver and kidneys after 
7 weeks recovery . 

Hiswlogical Examination 

~o marked changes were observed in the :nain organs from male and pregnant 
female rats in any group . Sporadic findings included slight infiltration of small round 
cells around the bronchus or arteries in the lungs and tiny granuloma in the liver. 

[n nonpregnant females, focal necrosis was seen in the liver in five animals out of 
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TAbLE I 

ABsm.un; AND Ra:t.ATIVE OtcOAN Wa:tGttTs oF ANIMAI.S 

------· 
l<ous 

---------
DobC~ (ml!lk.V<Iay) 
No . of ;uunu•ls 
------
Thymus (1011) 

lm11%i 

l.un11 (Ill 
(II%) 

lic~tn (Ill 
Ill%) 

Liver (Ill 
(II%) 

Spleen (mil) 
(mil%) 

Killnc:ys (Ill 
(II%) 

Adrenal> (1011) 
I mil%) 

TcMcs (II) 

III'Jf.) 

Ov~tde• (llljl) 

C~tn.:ass 1111 
til%) 

.. Mc.an .1. Sll 

0 
14 

251 :t 63• 
47 . I ± 13.0 

1.'11 ± 0. 1.5 
0.31Y :t 0.035 

1.43 !: 0. 13 
0.25'i :r. 0.016 

13 '.1 .t; I. 9 
2.57 :i:: 0.22 

7')0 l: 139 
147 :t 20 

3.40 :L 0.43 
0.62') !: 0.049 

60 :t 6 
12 .3 :t u 

3.42 :!: 0.2-4 
0.6H :r. 0.~8 

41U .1. 42 
75 .1i :t .., 

0.1 
14 

230 ± 0 
41 .9 ± 7.7 

1.84 ::t: 0.27 
O.H4 :t 0.046 

1.49 ..1: 0.21 
0. 270 ::t: 0.020 

14 .. ~ :t 1.11 
2.62 % 0. 13 

112il J: 141 
ISO :t 16 

3.42 l: 0.-45 
0.620 % 0.062 

till ± 12 
12 .0%.., 

3.4K :t 0.20 
0.640 l: 0.079 

419 .1. )j 

76.1 l: 2.11 

• Sigmti..:4ntly c.lifferenl II um the &.;Uhll ul w.l P < O.Oj . 

• • S<Knoll«mll~ diffcrc~t< 1'.-om ell. ~"'"' ul "' I' < 0 .111. 

~li. .... ... . . - ' - ~• .. •· · ·:·--,A· 

--~. · ;. . · ~\, ' ·~· 

M~olc:s Prc:11mUII f.:Uial.:. 
-·-- -· ------------ ------ ---- -------- ----------- ·· · -- -----·--- -------------

1.0 HI 0 0. 1 Iii 10 
14 14 II w li j 

------·-·· --- ---·-------------- ---- ·---- . --- . . . ·- ----- .. --- ·-·· ··-· -..... . ·-· --- ---------- ----
20~ .!. j9~ 

40.S :t II . I 

1.7:!..r0 . 1~ 
0. 3411 i ll .liJj• 

1.44 ..1. 0 .13 
O. lY~ .1: 0.031 .. 

13.'2 !. 1.] 

2.60-'- O.lo 

'I'Jll:!:. 711 
1.57 :~: II 

3.33:1: o.n 
0.656 :1: 0.040 

61 .!: 9 
12. 1 :!: 1.4 

3.29 :t ll. B 
O.lij2 .1. 0.076 

392 .!: 32 
77.2.!: 3.3 

222 :r. j~ 
4S .l .1. . 11.7 

1.110 :J:. II . !4 
0.36~ L 0.0113° 

U7 .1. (1.1~ 
0.2110 .!. ll .Ulll• 

14 . I :r: Jl:l 
2.811 ct. 0 Hn 

1142 :1: tllo 
170 :t 29• 

3. 111 :t O.H 
0.04.S .:.t: 0.027 

61! :!: 10 
13 .11 :!: I .'J• 

J.B .r u.n 
0. 792 :t O.IIH 

375 :!. 35• 
76.2::!. 2. 1 

271 :r: Sl 212 ,_ ol 2311 .!. 411 1.11 .!: jlj .. 

Ull :t 0. 111 1.36:!: 0. 17 I 44 :t 0.24 1.23 :!: 0.20 

0.'13 % 0.1111 0.93 -" U.IJ'J II.YII !. 0 . 11 ()lib.!. 0. 17 

15 .3 :t l.l 14 .9 .!. 1.9 I :i .O .1. 1.4 1! . ~ .!: 2.2• 

6711 :t: 115 661 !_ <jj oo3 .!. 114 1'1311 .!. 70 

1.99 1 O. I'J 1.97 .t IU~ I. 'J!I -'- II ij 1.115 :t O.H 

87 l: 9 113 :!: 14 114 :!.. 10 IH7.!. II .. 

14~ :t II 129 :!: 20• 141 .J.: 20 

231 ± 21 224 -~ 19 217 .1. Ill 
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TABLE 2 

HEMA TOLOGIC ... L F!ND!NGS 

:;c,e · mg<lq!ldayt 

"'' · Ji t01mais 

'l.~<J >iOO<J -:eils 
IJ' ·•nm·1 

N~11e 1100<J ·; etls 
· :O' ·mmJ' · iO = :6 

:-i cmu~uoon • w<ill · ' : •1.8 
:-k:nahX:'ll ,'} i •7 .J = ; . ~ 

f "":1-.: ! IOOt:iliOn .){ 

'4-9C ·rot ·, 
Cv~inooiuis 
'-<utrophils 
~ .1 rnonocytes 
\ottmoc·ttes 
~asophtls 

' .... C3.D ~ )0. 

•U 
!4 

g1 ~ 16 
16.6 ~ J.~·· 

.16.J = L1 

• ·;;,mtic:unty <ii1rCTe!ll rrom :~ .-u-ol .. , < 0.115 • 
•• ;;plicaatly otifl'erut :rom :lie ,.,..., • , < 11.11. 

:. J 
!4 

311::!0 
:7.;) ~ ~. 3 

.&6.3 = :.o 

'0 0 i. IJ :o , ' 4 I 

8: 6 ~ 1(,•• :!03 ~ !4 835 i~3 .: !O• 

108 = :-·· 
17.5 = 0.' 
J7 .0 = u 

~2:: 9.9 
' 6.S : 5.7 
<! .J = t.l 

0.5 = 0 
!11.8 = 3.1 
.il! .O : 2.1i 
o.a = 0.4 
0 

1:9 98 :: :o.1 
16.8 (4 .) = t.~· 
·~ . o JM • .! = :.J•· 

0.5 !1 .6 :: il . ~ 

9.0 21.!=~ . .5 
90.0 /. . 7 = -~ . 7 
0 . .5 0.6 = o . .: 
0 0 

.:ight in the 10 mgilc.g ~oup (Fig. 3). hiiltration <lf small rcund cells in the kidneys 
was vbserved in one out oftbre~ animals in the control group and four out of eight in 
~he 10 :ng.rkg group. Slight atrophy of giomerJti was seen in the kidneys from two 
1nimals out of l!ight in the 10 mg/kg group. Pyelitis was seen in one out of three 
1mmrus in the 0.1 mglkg group.; On macroscopic observation during autopsy, 
nonpregnant females of the IO :ng{kg grcup showed abnormally enlarged jejunu.rm 
and Jeums. with a darkish-brown color. 

\ficr<Jscopically. hYl)ertrophy and bYl)erplasia of the lumina propria mucosae 
N' ith a high frequency of mitotic figures was observed !. Fig. 4). The weight of t.he 
:1drenais was incre.ased in ·5pite of the decre¥ed body weight (Table 1). The adrenal 
:0rtex showed hyperplasia with patchy necrosis (Fig. 5). 

T . .o\.BLE 3 

SERUM BIOCHEMlCAL ANALYSES 

Rats :\(aJcs 

Do•e ·mllf~!lfd&yl 
'lo. ,)i .utimaa 

'~OT K. U.l 
~~ PT · K. U.l 
•.;_.> • K .. ~. U .l 
e,i)H IC. W.U. I 
-:- .;> ' gl<il) 

'i.B - ~dll 
-iLB ·!lfdl) 
;L!ltGL.B 
31L · mg•dll 
<RE ;mllldll 
(.iL L: 1 rnwdll 
:..: .'1 ·mwdll 

'>~ ...... : 30. 

ol 
14 

101 z !0' 
JZ .O ~ 6.3 
~-~ = :..5 
16S:!: 3.4 
6.4 :!: 0 .7 
u:: 0.1 
1.3 = 0.7 
1.0 :: o.a 

•J . .:S : 0.0. 
!3 ' .. ~ ~ . 6 
<47 = ~9 

i9.il = ~.4 

0.1 
14 

102:: 12 
33.2 = 7.9 
li ..& = 4 .9 
1~3 = ,S4 
6.6 ~ 0.6 
4.2 = 0.6 
2.4: 11.3 
2.3:: '!.0 

1.3 1 : \l.'.rl 
::! .6 : t.: 

15:! ~ :8 
19 .2 !: : . .i 

· ::i.-mricantlv jitf~: ~nt '"mm :he cmurot ll P < t) .O~ . 
•• ·;;an,nc:...lly .aft'CJ'QI 1rooo 111c <OGU'OI .. I' < 3.01 . 

i.O 
14 

99z " 11.4 :: 4. 4 
10.! 4.8 
139 41 
6.4 0.8 
4.0 0.1" 
2.j o.s 
1.8 0.7 

0.27 0.05 
~:l.l 1.5. 
150 1::! 

18.9 1.7 

10 
14 

100 Jj 
)1.9 6.~ 

t~ . J ~ 9 
149 Jl 
6.9 o.s 
] .9 0.1•• 
J.O 0.4° 
i.3 0.4• 

O.JO :1.0. 
~6 . 6 Z.J .. 
;66 ·=· 19. 1 2.0 

Nonprqnau~ f~males 

0 J.() 10 
z I a 

114 ~ )I Y7 l:zj ~ 10 
26 = 8 ~ 61.4 : 7.s•· 

- .5 = 1.9 .. . 9 7.8 = :.: 
lOS~ 13 112 149 = "' 7.1 = 0..1 7.6 6.1 :: 0.7 
4.1 :!: 0. 1 4. 1 4.0 : ' 1).3 
J. l :!: 0.2 3.5 2. 1 :: 11.6 
u:!: 0. 1 1.2 2.1 = '1.6 

0. :.5 '":: il.IJ7 0.3 0.::8 .: !J.IJS 
:4 =I) 27 :7.~ : z.u• 

1:4 :.!3 155 ! J() = (9 
13 .2 = 0.4 :9 .6 : u> = *·' 

I 



,1 ,~ 

1 
.. 
. 

·~ _:fl. 

1
-· 

' 

.t 

~~.~ . . . . 

. 

- ·:· 

:'·'· 

.•. 
-> 

I 
~

" . 
. ., 

.J.h :: •.. ~ .. . ·. 



J J •• .. . . . 
;' . .. 
:. , t . ~... · "' 

• •• 
-".:. ... 

TOXlCITY OF CADMIUM 47 

Fundus Examination 

The fundus of nonpregnant females showed no marlc~d changes. When the ratio 

0 ( the width of veins to that of arteries was cak:Jlated. -.aJues of 1.4 t ( 11 = :!) in the 
.:ontrol group, 1.5 ~ 11 = i ) in the 1.0 mg~kg group . and l .60 111 = 8) in the !0 mg:kg 
zroup were ·Jbtainl:!d. Slight vascccnsmcticn appeared >:u be present. However. 'he 
~ ;nail :mmber of :tmmals and the small magnirude of :he differences C l:!t ·.v~een the 
.:L'ntroi anJ :reated 1nimais mean that it is net possible co conclude whether or not 
there was an adve:-·;e ~!'feet of CJ on the blood ves:>e!s . 

At autopsy . the ',ones of pregnant females of 'he 10 mg: kg group showed le:"Ss 
resistance to cutr.ing 1nd seemed more fragile that rhose of ~he :ontrol. 
Rentogenograms of one, one . and two animals from the cootrcl. 1.0 mg'lcg group . 
_.nd 10 .0 mg. kg gr~up. <esp!!ct: vely . showed nc marked aifferences among them. 
Osteomalacia was :~ot detected by this method. 

Effect of Cd on .\fating Behavior 

Mating was carried out 6 days a week for 3 weeks. Two, one, and eight females 
from the 0, I 0. and 10.0 mg~kg groups, respectively , did not perform copulation. 
0ne female 5-om the 0 mg~lcg group and two females from the 0.1 mg!kg group 
.; ;.)pulated abor-..ively . The average timet span until copulation was J.6 111 = II), 2.9 
.. 1 = 10), 4.9 (!z = 12), and 9.0 ( n = 5) days in the 0, 0. I. 1.0. and 10.0 mgilcg 
~roups. respectively . The highest dose group showed delay in ?erfonning 
.:opulation and gave a reduced copulation ratio. 

C.mtent of Cd 

The contents of Cd in the liver and kidneys are shown in F\g. 6. In general, the 
k:dne ys contained more Cd than the liver on the basis of unit weight. However, the 
liver outweighs the kidneys by far (Table 1), so that the total content of Cd is much 
greater in the liver than in the kidneys. Nonpregnant females received most Cd and 
contained most Cd. Since pregnant females received Cd until the 19th day of gesta­
tion. the later animals became pregnant, the more Cd they received. Males received 
Cd for 9 weeks then received none for 7 weeks. Though it is difficult to compare 
males with females, it seems clear that excretion of Cd from the liver and kidneys 
is delayed. 

DlSCUSSION 

\iarked anemia accompanied by reduced hemoglobin and stunted growth seems 
to be the first manifestation of chronic toxicity of Cd in rats, as ~hown here and by 
others !Fitzhugh and \feiler . 1941: W'.lson era/ .• ~ 941 : Decker !.'r a/ . . [958): similar 
results '.were also obtained in pigs 1 Barker and T rout. 1973). W:Ison ct at. (1941! 

FIG. 3. Focal necrosis in <he liver from a .1onpregnant ~nimal ,,f the iO.Il mg.'kg ~'1UO ' ' lllOl. 
~ :o . J . Hyp.:nrophy ami hvperplasia of the Jeum from a .1onpregnam female of the lO. il mg:kg grou!) 

! X [00). 

Ftc. S. HypeJ1!lasia of the :1drenal cortex with patchy ne.:rosis observed in a nonpre-6JUU!t female ,Jithe 
:0.0 ·nglkg J!l)Up (X 100). 



• 

48 s1.rrou ET .4.L 

s 

mr 
I 
! :m : 

; 

i 
i 

.! ; 
I . 

.! 
i' 

I li 
'Z 
] 
!; l 

j 

r~ t 
; ~ 
t ~ 

! ' 1 ;, 

~/ 

I ,J;; % 

l . ~ 
, I 
!v. 
~ ~ ' I. r·u I y 

tv,' 
i 

I. t ' 

f r I : ' 

IJ O.ll.J l.O 1 n.ll.J !ll 10 

FIG. 6. Accumulatioo of cadmium in <be liver (open bars) and kidneys (hatched bars). 

repcrt.ed .. -tltat a normal rate of growth was rapidly attained on changing fr')m a 
0.012.5% Cd diet to the control diet and concluded that no penna.'lent damage 
resulted from Cd ingestion so far as growth rate was ~oncerned. Cose e :taminatioo, 
however, indicated that the recovery of body weight after Cd ingestion was 
biphasic, as shown in Fig. 2. Fint there is a rapid phase just after the discontinuance 
of Cd administration, foUowed by a slow phase. 

!Upid recovery is possible cnJy when the Cd toxicity is temporary and 
reversible. The early phase may thus com~s9ond to the inhibition of rt::sorption of 
nu{fients by unresorbed Cd in the digestive tract. More than 90% of Cd 
administered orally remains in the tnct without being resorbed (Friberg et al.y ·.· 
1974), causing water to remain in the tract. Either this water retention and/or 
wmpetitive or enzyme-inhibiting action of Cd may inhibit dle resorption of 
nutrients, including iron cations. Inhibition of nutrient resorption would result in 
adaptive hyperplasia of the intestine (Fig. 4), and a limited supply of iron would 
lead to a~mia (Tabie 2). 

The slow recovery phase may correspond to recovery from the lasting toxic 
effect of resorbed Cd, mainly on the liver and kidneys. While Cd is initially 
accumulated in the liver, metallothiooein-bound Cd is concentrated in the kidneys 
(Cherian et al., 1976: Tanaka et al. , 1975). Our data (Fig. 6) show that Cd was 
accumuialed in the liver and kidneys almost in proportion to the dose level and that,.. · 
only a small fraction of the accumulated Cd was excreted during 7 weeks. Damage : ; 
to the !iver and kidneys was detected in serum biochemical analyses <T:ibie 3) and , ·' 
hi s tclog]c:lily i Fig. 3}. 
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The increased weight of the adrenals both in females, in spite of their decreased 
body weight. and in males, in spite of the recovery period (Table 1), is noteworthy . 
. .\s Cd has been reported to inhibit steriod biosynthesis (Kar and Das, 1959) and to 
iJe lccumulated in the adrenal cortex r.Dencker, 1975), it is i.ikely that circulating 
;;artisol levels are Jiminished. leading :c a compensatory increase in ACTH release 
~v neg:nive feedback control. c.,nsequent!y. hyperplasia oft~e -1drenal..:o~ex ( F;.g. 
~ -, 1C.ses. 

P'ltchv necrcsis and the junbie :tat.ure of :~e -1drenal hyper-plasticity suggest ~~.at 

C..: ->c::umulation p~r :.mit weight is ~..igh , and :hat ~xcreticn is slow . Experiments 
using ~'ldioactive Cd by t)encker ( 197~·! '>hewed chat radioactivity was accumulated 
::1a:my in the :iv~r. kidney . aurenal ..:artex. pituitary . and ?•acenta in pregnant 
1amsi:ers and :nice. 

Bleaching of t.he incisors was ob-served in 0ur studies. :1s r-eported by others 
. Wilson et ai .. 1941 : Fitzhugh and Meiiler. i94 L Ginn and Voik;!r , 1944: Decker et 
;t.. !958). The simultaneous .'Jc::urreoce of reduced hemog!obin and bleaching of 
:he !n..:isors are indicative vf .111 inadequa\e i: vn supply . It has been reported that 
;!name! pigments are simi1ar in structure to hemogiobin <Ginn and Volker, 1944). 

Fitzhugh and Meiller (1941) and Wilson er a.l. 11941) reported that anemia was 
~ccmpanied by reduced hemoglobn and a ~i!duced number of RBC. In our studies, 
hemvglobin levels were reduced. but the R.BC count was increased. This may be 
'Jecause the Cd toxicity was only moderately severe , or :nay represent a short-term 
,-;!sponse which might be reversed later . Wilson er ai. 1 1941) r~ported that the bone 
narrow from Cd poisoned animals was very hyperplastic as compared with the 
;ootrols. 
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