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

I. To.xic1ty St~cies 

'3Htzt:Yo SuTou, KY•.JKG Y\VIA.vtOTO. !-fl!'{CMI SE:-<DOT-\. Kon;E ToMOMATSt:. 

Y-\SLYOSHI 5.:-tl\-IIZ~. -\:"'10:: \t(J:"<EA.·~Zl; 3CCIY ·1..\1A 

in 0rder to 0ctain .1n overall understanding of the toxicity of .::~dm•um 1 Cd). ~ single 
<!Xpenmental senes was des1gnerl :o invesugate the di"ersc effects of Cd. Four groups of 
Sora~ue- ::•awiey '~Hs. ~:Kh .;f which ~onsis;ed ,,r' A 11aie and 14 :'ecnalt: ;ats. were 
.ldmmJstered C d , C j(l,) orally .It Jose leve!s <Jf 0. •>.J.. l.O, 10.0 mg· kgtday for 6 weeks. After 
this. r.he animals were mated for 3 wee!c:s. changill.l! partnen every week, for fertility and 
teralo@enicny ~e•ns. Cd wa:~ given Juring Jtis manll.l! period. Females were administered Cd 
.Jurin!! ~estanon and >acrificeu ·Jn the :Oth .jav vf ~e~tation for fetal examination .. ~iter a cotal 
vi'~ ·.yed~s wmirustrarion. males were 'iubjec:eu w <Iommant lethal •.ests bv <natin~J.: iemalcs 
per male l)er ·..veek :'or 5 'Neeks. ?t-egnant femaies were iulled on the l :!th day .Jf ~cstarion to 
:est :or Jonunant :ethality. This Japer reports :he ~esults llf !.he ~eneral coxic:ty tests. The 
-nam :oxic ~1gns. ;een -mly !n ;he ;o 111Jikg group. were repre~sion of food mtake ·md body 
we1gnt ~am. Jep1lation. Nnitemng •JI ·:he mcisors. and ;;alivanon. HematOiogJcai malyses 
snowed :hat '.he 1umber of R.SC mcreased while nemoglobm and hematocnt 'evels 
decreased. and :he 1umoer of WBC :ncre:.ISed. mainiv :1s :1 ~esult of aeutrcplulia. Serum. 
''ioche!IDcal maJyses mriic:ned mcreased :evels of GPT and .:re:uinine. reflecting dam<ll!e to 
;he !i'oler and '<idneys. ~ncreased ~ucose levels were ;ecn i.n mal.:s .. \ major ~!lange found at 
r.he time ·.Jf 1utoosy "Y macroscopic 0b~ertation "f organs w3!! hypertrophy of~he jeJunum :md 
·Jeum ·"nh .1. Jar'<tsh-'Jrown .:oior :n CJonpreg."lant females ,)(· the to mg1kg goup. 
Vlicroscup1cally. ay~·rpia~m wnh a ~igb frequency ;,f mitotic :igures was seen •n the 'amma 
propna mucosae. The C\le:~t of the thymus decreased md the weight >Jf :he ~nals 
:ncreased :n both males and females. Tne we1ght of ·:he ova,ries decreased. '.tajor 
,'ustupathological changes were focal necrosis in the liver and hyperplasia of (be adrenal 
;ornces ·Nnh patchy necrosis m 'lonpregnant females of !he W.O mg/kg group .. Detenninatioo 
·.Jf Cd in rhe liver and ~idneys ;uggested that excretion of the accumulated Cd was slow. Two 
aspects of Cd toxicity, i.e., the inhibition of nutrient resorption by unresorbc:d Cd and the 
•oxicity expressed by resorbed Cd, a:1 weU as the ~::msative factors of the adrenal hyperplasia., 
.lfe 'liscussed. 

INTRODL"CTION 

C:1dmium !Cd) causes diverse toxicity m experimental animals and man: It ts 
a:sscx:iated with the so-.::a.lied "itru-itai'' disea.!le. Some ofthe repoctc:d toxic effects 
ofCd, however, such as chemical sterilization !Parizek, 1960), terat~ne:5is (Ferm 
md Carpenter, 1967), and cytogenetic anomalies fDeknudt and Uonard, 1975~ 
Watanabe et al., 1979) were observed under e.'t.tremely artificial conditions such as 
intratesticular administration of Cd at a high dose level and intraperitoneal 
administration of Cd during organogenesis. Since exposure routes to Cd are usually 
oral or through inhalation. and exposure is chronic. oral and subchrcmc 
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admirustration was .::hosen f,Jr our experiments. As the toxic effects ,Jf CJ ,lfe 
di·,erse, attempts ·.vere made m :nvesugate a wide :-ange of toxicity in a 5ing!e 
ex~enmema.l 3eries, namely. genera.l toxicity, ferrility, teratcgenicity, and 
dommant iethaiity. This paper ieports the results of the toxicity studies. 

MATERIALS AND METHODS 

The experimental design is [llustnted in Eg. l. Sprague- Dawley rats lt .l ~eeks 
vf age were purchased from Sruzuoka Agricultural Cooperative ,l...:s:>oc:alico for 
Laboratory Animals. The animals were fredy supplied ·Nith pelleted iry chow 
(~.MF, Otienta.l Yeast Co.) and water and kept in wire cages in pain. The cages 
were plac~d in a fully air-<:onditioned facility where the temperature was ;eguiated 
at 24 =: l°C, and the humidity at .5.5 =: 5%. After a taming period of a week, four 
groups. each of which consisted of 14 males and 14 females, were orally 
administered Cd (CdCl~, Wako Pure Chemical Industries, Ltd.) at dose levels of 1), 

0.1, !0. and 10.0 mg·kgJday for 6 weeks. Males and females in ea~h g!'oup were 
mated 6 days a week for a maximum of 3 weeks, chaning partners ~v~ry week. if 
necessary. Administration continued throughout the mating period. Cqmiation 
was conf!I1lled by detection of spermatozoa in vaginal smean. Pregnant females 
were administered Cd throughout gestation and were killed on the :Oth Jay d 
gestation for fetal exaJr..ination. Nonpregnant fema.lc3 were tilled after a tct.ai 
administration period of 13 weeks. After a total of 9 weeks administration, ma!es 
were subJected to dominant lethal tests by mating 2 femaks per male ;>er ~·eek for 6 
weeks. Pregnant females were killed on the 13th day of gestation. and '.~e numbers 
of corpora lutea,live fetuses, early d!:!aths (no remnants of fetuses). 1nd la<e deaths 
(remnants of fetuses) were recorded. One week after the cessation _,r dominant 
lethal tests, which represents a recovery period of 50 days. male rats were !cUed and 

examined. I 
Body weight was determined once a week for males, and once a we>ek btefore -~ 
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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 
consumption was determined twice a week for pregnant females only. 

Hematological observations were carried out on blood 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 
jnd hemoglobin. by a cyanmethemoglobin method. Fractionation of WBC was 
;Jt:!rfurmed on biocd 5mears st:uned with Wright-Giemsa tluid. 

Ser-.1m biochemicat 1naJ.yses were earned out with Hitachi automatic analyzer 
. 'vfodel 400. Hitachi. l:d. i- Parameters cested were GOT (a modification of the 
method of Reitman- Frankel). GPT las for GOTI. alkaline phosphatase (a 
modification of the method of King- Klng). LDH (colorimetry of pyruv'lte by 
reac~ion with dinitropheny\hydrazine). :cta.i ;:>rotein (the biuret method), albumin 
{the BCG method). blood giucose nhe glucose oxidase method). urea- nitrogen (the 
urease -indophenol method\ creatinine (the method of Jeffe). bilirJbin (the method 
of Jendrassik-Cleghorn). and gjobulin !tctal pro(ein mmus albumin). 

Ani!T1als were bled to death under anesthesia with ethylether and 5Ubjected to 
autopsy. In ~he cases of pregnant females used for fer.i1ity and teratogenicity 
studies. the thymus, heart, lungs, liver, kidneys, spieen, adrenals, ovaries, and 
placentas were removed and weighed. The number of corpora lutea was counted 
under a stereoscopic microscope. The number and location of live, resorbed, and 
macerated fetuses were counted and recorded. Live fetuses were su~ed to sex 
.ietermination, measurement of body weight, body length . .md tail length, and 
examination for external malformations. About one-third of the live fetuses were 
fixed in Bouin · s fluid for visceral examination by the method of Wilson (1965), and 
che other two-thirds were fixed in 70% ethanol for skeletal e.'\amination by the 
;nethod of Dawson ( 1926). 

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

The organs of three male animals from each group, of three female animals from 
the 0 and 10 mg!kg groups, and of all nonpregnant females were fixed in formalin 
fixative, :stained with hematoxylin-eosin. and examined histologically. In addition 
to the main organs. the cerebrum, cerebellum. thyroid, eyes, stomach, duodenum, 
ileum, rectum, pancreas. urinary bladder, uterus. 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 determined by 
neasuring three pairs of veins and arteries per animal. 

One. one, and two pregnant females from the 0, 1.0, and 10 mg/kg groups, 
respectively, were subjected to remogenographic observation u~ Softex 
tCMBW, Softex Co.). 

The determination of Cd in the liver and kidneys was carried out by 
homogenization of the tissues. foilowed by [yophilization, oxidization to ash with a 
plasma reactor (PR-503, Yamato Scientific Co.). dissolution in l/50 N HCI, and 
malysis with an atomic absorption spectrophotometer (~odd 308, Hitachi, Ltd.). 
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FlG. :;. g,,dy welgbt ~hanges of 'llalc and female rats. Control (e); 0.1 mgikg ICl: 1.0 -ngt\g ( ~): an.J 
10.0 mgtkg (C). 

RESULTS 

C.:nerai Sympccms 

Cne :"emale t-.om• each of the 0.1, 1.0, and 10.0 mg/kg groups was dled by 
;msadmimstrat1on. MaJOr toxic 3ymptoms observed in 14 males and 13 :~males in 
:he 'ugh est Jcse go up \ l 0 mgikgJ were as follows: depilation. 1 cnales and & 
;"i::naies: >aiivaucn. 3 males <1nd 6 females: bleaching of inc1sm:.>. 3 fern•""" 
i.:·eru!aticn :,~::gan ~ppea.nng 1. week after the ">tart of arlmirustrancn at '.he he .. _,} 
!Jack ar!!a. and rJ!q_air'!d J.Ccut l ncnth 0r more for recovery_ Scme .1id act reco-;;'!r. 
~ni.:naJs of the other groups did aot show such major symptoms. 

Body Weight 

Figure 2 shows the changes of body weight. Administration of 1.0 mg/kg slightly 
5uppressed the body weight gain of male animaJs and oo recovery was seen .juring a 
;eriod of 7 weeKs. Sc!vere su-ppression of weight gain was brcught about by the 
administration of iO.D mgtlc.g. The recovery ofbody weight gain was blphasic, being 
i.Jlitiaily rapid just after the cessation of Cd aCministration and then sicw throughout 
the remaining reccvery period. ~ean body weight gains for me 0, 0.1. I .0, and 10.0 
mgtkg groups during the <ldministration period were 329, 330. :95. a;;,d :OJ g. and 
those during me recovery period were 86, 94, 89, and 161 g. rest)ectively. Only the 
10.0 mg·'kg group Jhowed gowth retardation in females both :X:fore and after 
mating. Body weight gains for the 0, 0.1, 1.0, and 10.0 mg/kg groups was 1:9, DO, 
122, and 9\ g bdore mating and 131, 1:26. 120. and 62 ~ Juring gestation, 
respectiveiy. T~e poor growth of pregnant f-emales in the 10.0 mg•kg group ~as due 
to the ;:ombined effect of the to:<.icity of Cd and the small number of live fetuses. 
"'hi.:h in any '.::!Se showed growth retardation. 

Food and Water Consumption 

fhere were no marked differences in food and water consumption a .. •~cag the (} 
0.!, md l.O 'Ilg:xg go ups .. \.:limals m the 10.0 mg:kg grouf: ,;on3um~d !e:ss iced 1m 
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water than those in the other three groups. When the food dlicients were calculated, 
the 10.0 mg/kg group showed a smaller value than the othen. The food coefficients 
(g 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, 1.0, and 10.0 rngtq 
groups, respectively. 

Or~Jan Weight 

T1ble l shews the organ weights of male and pregnant female rats. Since the 
males were lGlled after a !""::!cover; period oC weeks, two factGrs. the iasting toxicity 
0i (j and the re~:overy process. were .;:onsidered to be retlected concomitantly in 
the ;nales. As the females were killen dunng the period of administration, to:ticity 
was retlected more directly in the females. The organ weights of the thymus, liver, 
and ovar',es decreased. However, since r.he body weight of pregnant animals is 
affected by fetuses, the reiative organ weights are not reliable. Thus, it is difficult to 
determine whether the decreased organ werght was a result of body weight decline 
or specific toxicity ofCd. The weight of the arlrena.ls, however, increased in spite of 
t.he lower body we1ght, and this was also the case for male animals. In males, the 
r'!iative organ weights of the lung, heart.; liver, and 1pleen were greater than those of 
the ..:ontrol group, which might reftect some aspect of the recovery phase. 

Hematology 

Hematoiogjcal findings are listed in Table 1. Here again, females ret1ect the 
toXIcity of Cd more directly than males. While the number of RBC increased in 
females of the !0 mgrkg group. levels of hemoglobin and hematocrit were greatly 
reduced. indicaung the appearance of smaller RBC than normal. The number of 
WBC also increased. Fractionation of WBC indicated that the main contribution 
was due to the increased !lumber of :teutrophils, that is, neutrophilia. Increased 
numbers of R.BC and WBC were a.iso 5een in !Dales. Hemoglobin and hematocrit. 
however, had recovered to normal leveis. 

Serum Biochemical Analyses 

The results of semm biochemical analyses are shown in Table 3. Nonpregnant 
females 3howed increased levels of GPT and creatinine, indicati111 damage to the 
liver and kidneys, respectiveiy. After a r~overy period, the maJes showed 
significant differences from the control in having a decreased level of albumin. an 
increased level of globulin, a decreased AJG ratio~ and an increased level of 
creatinine. Thus, toxic effects of Cd were still apparent iD the liver and kidner,~ after 
7 weeks recovery. 

Histological Examination 

No marked changes were observed in the main organs from male and pregnant 
female rats in any group. Sporadic findings induded slight infiltration of small round 
cells around the bronchus or arteries in the lungs and tiny granuloma in the liver. 

In nonpregnant females, focal necrosis was seen in the liver in five animals out of 
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TAht.E i t 
A~tsoun 1: ANL) 1(~:• .-.1 tvt Utc<•AN Wt:l~.tns oF ANIMAls 

---· ------- ~ ------ ------------- --------- -----. -----
I< <lib Mod.:~ Pn:J!hdlll lculak~ 

--------- ---- --- ------- -------- ------------
n ... ~.: (m!Vklll.lay) () 0.1 Ill HI 0 0.1 Iii I() 

Nu. ut allllnals 14 14 14 I~ II IH ll 
------------ -- ------- -~---------~ -- -- ----- . ·---- - ------ -----------

Thymus (till!) 2~ I :t ()3• no .t: 42 20~ .!. j~· 2ll .!: j~ 271 :!: 51 272 ~ ill 2311 :!: 411 IH.!: 311 .. 
lm11%i -'7.1 :!: 13.0 41.'J :!: 7.7 40.) i 11.1 45.2.!. 11.7 

l.u11g I Ill 1.'11 :!: 0.15 1.114 I o.n t.n"" o '" IIIII L il.24 I. 311 :!: u Ill Ull :t 0.17 I 44 .!. 0.24 1 .. B.:! 0.20 
(g'i~) 0.31~:!: 0.015 O.H4 :t 0.046 0.3411 .!. IU)j}• 0.3M ..t: 0.1103• 

1-tcaat (II) 1.4.\:!:0.13 1.49.!: 11.21 1.44 -'- () u 1.37 .1. (1.1) II '13:!: O.Utl 0 ~l -" IUI'J 11.~11 '- 0 II (Ill().!. 0.17 
(g%) 0.2-"i:!: 0.016 0. 270 C!. 0.020 U.l~H .1. O.IH t•• 0. 2110 .t. 0.11211• 

In 

Liver I Ill 13'J.r:l.9 14 .. ~ :t 1.11 13.2 :!. I l 14.1 :!: I'J 15 3 i 1.! 14.9 c I.'J I ).6 -'- I 4 1!.~ .1. 2.1.• s 
111%1 2. 'i7 :I. 0.22 2.62 :!: 0.13 2.11tl .!. 11.16 2.1111 .t O.H"* 0 

c:: 
Spleen (mil) 7%:!: 139 1!21! i 141 Nil:!. '!h 1!42 .!. IIIII 6'111 i II 'i 661 :!. 9.5 663 :!: 1!4 1'130 :!: 70 !Tl 

-1 
(IIIII%) 147 i 20 150 :t 16 157 :!: II 17(1 :!: 29• ~ 

r 
Kidney> 1111 3.40 .L 0 43 3.42 i: 0.45 J.33 :!: on UII.!.O.H l.'.i9 i O.I'J 1.97 ~ IU9 1.91! .C II 13 1.115 :!. 0.23 

(II'Yc) 0.6:!~ :t 0.049 0.620 :l: 0.062 0.656 i 0.040 o.0-4.5 .1: o.n27 

Atlrcn<~l> 111111) 66 :t 6 116 ± 12 bl .! 9 611:!:1() 87 j; lj 1!3 :!. 14 1!4 "- l(j 107 1 II .. 

(mjl%) 12 :l:t u 12.0 ::r: u 12. I .!. 1.4 13.11 :!. I lJ• 

'feMes Ill) 3.42 :!. 0.24 3.48 1: 0.20 1.2'J l. 11.23 l.B I u 27 
111'10 0.6.!7 .!. 0.58 0.640 1 0.079 0.6j2 .1. U.076 0.792 :l: 0.071 

Ovaric~ (Iii!!) 14~ :t II 129 1 20• 141 :I. :.!0 Ill :!. 17u 

l'an:a'' (Ill 4111 i 42 419 .1: H J92 .1. n J75 .!. }j• 231 j; 21 224 •: 19 217 .!. Ill 154 i 2o•• 
lg'ir-1 'i) li .1: 1.5 76.1 :!. 2.11 77.1 " 1.3 76.2 i 2.1 

. --------------·-- .. -·--------·-------- ----

7'Mii \J!'t -:';;:~; 
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Rats 

:Jose • mg~kg;dayl 
'\iu . . Ji lmmais 

'l.eo JIOO<i .;eils 
:tl'"mm") 

·N~ue JIOO<i ~ells 
;a)2·mmJ' 

'lemo~obm <(!IW) 
HemalO\.":rlt ,"}j 

F '":lC!Ionauon of 
WBC ~r:c·1 

EL>smophils 
'i<utrophils 
L :;mphocytes 
vtonoc:,tes 
9asophds 

·• ·'-tean -: 50. 

"64 

'lO 
:~.~ 
.;-;-_J 

0 
14 

= 
= 
= 
= 

:-:• 726 

'6 81 
;).8 16.6 
' - -16.3 :./ 
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TABLE 2 

HEMATOLOGICAL fiNDINGS 

•1.i 
14 

= '>II 

= :6 

= lJ.5'** 

= I.] 

'~~ = 74 

88 = 10 
r:.o = a.3 
-16.3 = r.o 

'0 
'4 

8J6 ~ :_}6*• 

108 = r:-•• 
17.5 = 0.7 
J7 0 = 1.6 

• Si~rufic:uuly ditlenm trom :1>< .:<JIIIJtlj • ~ < Q. ~. 

•• Si[plllicaady <litleJlODt ......, .... ~ • ~ < ll.et. 

.<ro3 

'2 
1.6.3 
~5.J 

0 
2 

= 
= 
= 
= 

14 

9.9 
S.1 
1.1 

0.5 !: 0 
!0.8 = 3.2 
88.0 = 2.8 

0.8 = 0.4 
0 

LO 

835 '!53 

129 \18 
16.8 14.) 
45.0 }8.5 

:o 
~ 

.:: 

~ 

= 
.:: 

43 

lO• 

:o.1 
l,j" 

:.J .. 

o.s 0.6 = 0.2 
9.0 2!. i = 9.5 

90.0 7"7.7 ~ 9.7 
0.5 0.6 .:: 0.2 
0 0 

<:!ight in the 10 mg/kg g!'CUp (Fig. 3). Irrfiltration of small rcund cells in the kidneys 
was observed in one oUJ. of three animals in the control group and four out of eight in 
the 10 mg;kg group. Slight atrophy of gjomeruli was seen in the kidneys from two 
:wimals out of eight in the 10 mg/kg group. Pyelitis was seen in one out of three 
animais in the 0.1 mg!kg group~ On macroscopic observation during autopsy, 
nonpregnant females of the tO :ngfkg gruup showed abnormally enlargedjejunurrn~ 
and ileums. with a darkish-brown color. 

Microscopically. hypertrophy and hyperplasia of the lumina propria mucosae 
with a high frequency of mitotic figures was observed (Fig. 4). The weight of r.he 
:1drenals was incre.ased in 5pite of the decre¥ed body weight (Table 1). The adrenal 
;;onex showed hyperplasia with patchy necrosis (Fig. 5). 

TA.BLE 3 

SERUM BIOCHEMICAL ANALYSES 

Rats -"ales 

Dose· mrykg-dayl ;) O.l 
'lo. oi animals 14 14 

GOT'K.U.l 101: lO" 102 = 12 
GPT •K.U.l 32.0 : 6.3 33.2 !: 7.9 
_,L;> •K.A.li.l 9' = :.5 I :A:: 4.9 
LDH IC.W.U.I 165 = 3.4 L~3 !: S4 
T-? •gldl) 6.4:0.7 6.6 = 0.6 
\LB 'Wdl) 4.1: 0.1 4.1 = 0.6 
<jLB •l!ldll 2.) = 0.7 2.4 = 0.3 
~LBIGLB :!.0!: 0.8 2.3 = 2.0 
aiL· mg~dll ll.::S !: 0.04 1).31 = ll.05 
,:RE :mwdll '!3. ~ ~ 2.6 :3.6 = 1.1 
GLIJ <mgtdll '47 = :9 152 = 18 
:..: .. '1 •m(!ldi) i9.0 !: 2.4 19.2 .: ~.3 

., \4ean = SO. 
' :igmrkant!'Y :ht'fe!""ent ··rom ~be control .1( P < l).tl~. 
•• 5i[lllllicaatly ditlcmot frum <be C<>IIU1JI ll I' < 0.01. 

1.0 
14 

99: I' 31.-4 = 4.4 
10.8 4.8 
139 41 
6.4 0.1 
4.0 O.J• 
2.$ 0.1 
1.8 0.7 

0.27 0.0~ 

:~.1 1.5* 
]50 12 

18.9 1.7 

10 
14 

100 = 1$ 
31.9!: 6.4 
I:.J !.9 
149 38 
6.9 0.$ 
3.9 0.!•• 
3.0 0.4• 
1.3 0.4• 

0.30 :).04 
!6.6 2.J•• 

j()() r::· 
19.·1 2.0 

N001prepaDC females 

0 I() 10 
2 I 8 

114 ~. rn J'Zj = 10 
2fi :;: I ~ 61.4 = 7.8•• 

:.5 = 19 ~.9 7.8 ~ :.: 
105: 13 112 149 = 41 
7.1 ~ 0.1 7.6 6.1 !: il.7 
4.1 ~ 0.1 4.1 4.0 !: •1.3 
J.l = 0.2 3.5 2.1 = •J.6 
1.4 : 0.1 1.2 2.1 ~ ·1.6 

0.23 -:: 0.!17 0.3 0.~.!: 'l.\lS 
14 = 0 27 7:7.9-:: :.o· 

1:4 ::.!3 ISS :JO !: :9 
13.2 = 0.4 29.6 21.0 = :1.: 

I 



'
·, 

. 
' 
' 

< 

t 
'I< 

... 
:-f; 
-.. : .. 
;~:r-' " 

}1~ 
di 
'~ ~J·· . : 

.,.:·· ,, 

;~ ~ 

})~-· . 

.. -.·· •• 



~ 
I! 
.•- <>. 
-~, .. ,....; ... . .. -,, ... 
.• ... ~-= ·-

• J,. •. :4 , -·. .. 
, ........ 
•:· ... .. __.-

6 ... : . . ..;,. 

~~ . "' 
~--~~·· > ...,/ 
,_ .... ...... " 

:. .. ~:· ... ,. . 
... 
i;'· . 

:.·~-~ .... :. ._... ; . 
' ' t ~ 

• . . . 
~;a' . ~_,_ 

TOXJCITY OF CADM1UM 47 

Fundus Examination 

The fundus of nonpregnant females showed no marked changes. Wben the ratio 
of the width of veins to that of arteries was ca1cJ1ated. values of 1.4 t ( n = :!) in the 
.:ontrol group, l.5 ( 11 = i) in the 1.0 mg'kg group. and l. 60 ( n = 8) in the 10 mgt kg 
zroup were obtained. Slight vasoconstrcticn appeared to be present. However. the 
~mall number of arumals and the small magnitude of the differences betweeen the 
ccntrol and treated ~nimals mean that it is not possible to conclude whether or not 
there was an adverse effect of Cd on the blood vessels . 

Renwr;enography 

.-\t autopsy. the bones of pregnant females of the 10 mg.' kg group showed less 
resistance to cutting and seemed more fragile that those of the control. 
Rentogenograms of one, one. and two animals from the control. 1.0 mg/lcg group . 
,.1nd 10.0 mg. kg grcup. resp~cuvely, showed no marked differences among them. 
Osteomalacia was not detected by this method. 

Effect of Cd on Mating Behavior 

Mating was carried out 6 days a week for 3 weeks. Two, one, and eight females 
from the 0. 1 0. and 10.0 mg'lcg groups, respectively, did not perform copulation. 
One female from the 0 mgJlcg group and two females from the 0.1 mg/k.g group 
.:opulated abortively_ The average time span until copulation was 3.6 ( n = 11), 2.9 
, :-1 = 10), 4.9 (!r = 12), and 9.0 (n = 5) days in the 0, 0. I. 1.0. and 10.0 mg!lcg 
groups, respectively_ The highest dose group showed delay in performing 
c::opulation and gave a reduced copulation ratio. 

C.mtent of Cd 

The contents of Cd in the liver and kidneys are shown in Fig. 6. In general, the 
kidneys 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. 

DISCUSSION 

Marked anemia accompanied by reduced hemoglobin and stunted growth seems 
to be the first manifestation of chronic toxicity of Cd in rats, a'i shown here and by 
others (Fitzhugh and MeiJer. 1941; Wllson era/ .• !941; Decker eta/ .. l958); similar 
results were also obtained in pigs t Barker and Trout. 1973). Wilson et a/. ( 1941) 

FIG. 3. Focal necrosis in rhe liver from a ;"Jonpregnant 'lnimal of the iO.O mg'kg sroup 1 , tOO) . 
F !G. -4. Hypertrophy ana hyperplasia of the ileum from a nonpregnant female of the !0.0 mgt kg group 

! )( 100). 

FtG. 5. Hyperplasia of the !ldn:nal con ex witb patchy necrosis observed in a nonprqnant female of the 
:0.0 mglkg group ( x tOO) . 
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FIG. fl. Accumulation of c:WmJUm in the liver lop<:n bars) and kidney5 !hatched bars). 

r-::po~ed. -that a normal rate of growth was r:1pidly attained on ;hanging f!'')ffi 

0.012.5% Cd diet to the control diet and concluded that no pennan~nt damage 
resulted from Cd ingestion so far as growth rate was concerned. C!ose examination. 
however, indicated that the r-ecovery of body weight after Cd ingestion was 
bi-phasic, as shown in Fig. 2. First there \sa rapid pbase just after the discontinuance 
of Cd administration. followed by a slow phase. 

Rapid recovery is possible only when the Cd toxicity is temporary and 
reversible. The early phase may thus corresoond to the inhibition of r~sorption of 
nutnents by unresorbed Cd in the digestive tract. More than 90% oi Cd 
administered orally remains in the tract without being resorbed (Friberg er aJ ... _ 
1974), causing water to remain in the tract. Either this water retention andior 
~:ompetitive or enzyme-inhibiting action of Cd may inhibit ~1e :-esorption of 
outrient5, including iron cations. Inhibition of nutrient resorption would result i:o 
adaptive hyperplasia of the intestine (Fig. 4), and a limited supply of iron would 
lead to anemia (Tacie 2). 

The slow recovery phase may correspond to recovery from the lasting to."tic 
effect of resorbed CJ, :nainly on the liver and kidneys. While Cd is initially 
accumula~ed in the liver, metallothiooein-bound Cd is concentrated in the kidneys 
(Cherian er al .. 1976: Tanaka er al., 1975). Our data (Fig. 6) show that Cd was 
accumuialed in the liver and kidneys almost in proportion to the dose le"Vel 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 lbie 3) and • 
histclogicaily i Fig. 3 l. 
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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. 
As Cd has been reponed to inhibit steriod biosynthesis (Kar and D-ci.S, 1959) and to 
be accumulated in the adrenaJ conex (Dencker, 1975), it is likely that circuJating 
cortisol levels are diminished. leading to a compensatory increase in ACTH release 
~Y negative feedback control. Consequently. hyperplasia of the adrenal cortex (Fig. 
~·, arises. 

P~rchy necrosis and the durable nature of the adrenal hyperplasticity suggest ~hat 
C J accumulation per unit weight is r.igh, and that excretion is slow. Experiments 
using radioactive Cd by Dencker ( 1975) ~howed that radioactivity was accumulated 
:nainiy in the liver, kidney. adrenal cortex. pituitary, and placenta in pregnant 
'Jamsters and mice. 

Bleaching of the incisors was observed in our studies. as reported by others 
. Wilson eta/., 1941: Fitzhugh and Mei1ler. 1941: Ginn and Volker, 1944; Decker et 
:11.. 1958). The simultaneous occurrence of reduced hemoglobin and bleaching of 
:he incisors are indicative cf an inadequate iron supply. It has been reponed that 
~name! pigments are similar in structure to hemog!obin <Ginn and Volker, 1944). 

Fitzhugh and MeiUer (1941) and Wilson et al. tl941) reponed that anemia was 
accompanied by reduced hemogJobin and a reduced number of RBC. In our studies, 
hemogJobin levels were reduced. but the RBC count was increased. This may be 
because the Cd toxicity was only moderately severe, or may represent a shon-term 
response which might be reversed later. Wilson et al. ( 1941) reponed that the bone 
narrow from Cd poisoned animals was very hyperplastic as compared with the 
.:cntrols. 
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