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in order to obrain an overall understanding of the toxicity of cadmium (Cd). 2 single
2xpenimental series was designed :0 invesugate the diverse effects of Cd. Four groups of
Sorawue - Dawiey cars. 2ach of which consisted of 4 maie and 14 ‘emale rats. were
adminustered Cd (CdCl,) orally at dose levels of 0.3).1, 1.0, i0.0 mg'kg/day for 6 weeks. After
this, the animais were mated for 3 weeks. changing partners zvery week, for ferulity and
teratogenicity lests. Cd was given during :his manng period. Females were adminisiered Cd
Juring gestarion and sacrificed on the 20th Jay of gestation for feral examination. Aiter a ‘otal
of 3 weeks uimumstranon. maies were subjected 'o dominant iethai tests bv maung _ femnaies
per malie per week ‘or 5 weeks. Pregnant femaies were kiiled on the |2th day of zestation 1o
:est ‘or domunant iethality. This saper reports the results of the zeneral toxicity tests. The
Tamn oxic signs. seen uniy n the ;0 mwkg group. were repression of food intake ind body
welgnt zain. depilation. whitening or ‘he ncisors. and salivation. Hematologicai anaiyses
sitowed :that he jumber of RBC inecreased while hemogiooin and hematocnt levels
decreased. and the jumoer of 'WBC ncreased. mainiv as a resuit of aneutrcphilia. Serum
sochemcal anaivses indicated wncreased leveis of GPT and creatinine. reflecting damage o
the liver and kidneys. Increased glucose leveis were seen in males. A major change found at
the time of 2UTODSV HY Macroscopic vbservation of organs was hypertrophy of the jeyunum and
Jeum -wvith a. darxish-nrown coior in aonpregnant femaies of the 10 mg/kg group.
Microscooically. aypérpiasia with a high frequency af mitouc figures was seen 'n the ‘amina
procpna mucosae. The wewgnt of the thymus decreased and the weight of rhe adrenais
‘ncreased n toth males and females. The weight of ‘he ovaries decreased. Major
ustopathological changes were focal necrosis in the liver and hyperplasia of the adrenal
cormces with patchy necrosis :n sonpregnant femates of the 10.0 mgrkg group. Determination -
ot Cd in the liver and kidneys siggested that excretion of the accumulated Cd was siow. Two
aspects of Cd toxicity, i.2., the inhibition of nutrient resorption by unresorbed Cd and the
oxicity expressed by resorbed Cd, as well as the causative tactors of the adrenal hyperplasia,
are discussed.

INTRODUCTION

Cadmium (Cd) causes diverse toxicity in experimental animals and man: it is
associaied with the so-cailed “itai-itai’” disease. Some of the reported toxic effects
of Cd, however, such as chemical sterilization { Parizek, 1960), teratogenesis (Ferm
and Carpenter, 1967), and cytogenetic anomalies (Deknudt and Léonard, 1975;
Watanabe et al. , 1979) were observed under extremely artificial conditions such as
intratesticular administration of Cd at a high dose level and intraperitoneal
administration of Cd during srganogenesis. Since exposure routes to Cd are usuaily
oral or through inhalation. and exposure is chronic, oral and subchroaic
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adminmistraton was chesen for our experiments. As the toxic effects of Cd are
diverse, artempts were made (0 nvesugate a wide range of toxicity in a singie
experimental series, namely, general toxicity, ferulity, teratcgenicity, and
dominam lethality. This paper reports the resuits of the toxicity studies.

MATERIALS AND METHODS

The experimental design is Hlustrated in Fig. 1. Sorague ~ Dawley rats at 4 veeks
of age were purchased from Stuzuoka Agricultural Cocperative Associacen for
{Labtoratory Animals. The animais were freely supplied wmith peileted iry chow
{(NMF, Oriertal Yeast Co.) and water and kept in wire cages in pairs. 1ae cages
were placad in a fully air-conditioned faciiity where the temperaturs was reguiated
at 24 + 1°C, and the humidity at 55 + 3%. After a taming period of 3 week, four
groups. each of which consisted of 14 males and !4 females, were craily
administered Cd (CdCl,, Wako Pure Chemical Iadustries, 1.td.) at dese levels of 9,
0.1, 1.0, and 10.0 mg'kg/day for 4 weeks. Males and females in =ach group were
mated 6 days a week for a maximum of 3 weeks, chaning partners every wezg if
necessary. Administration continued throughout the mating period. Copulation
was confirmed by detection of spermatozoa in vaginal smears. Pregnant females
were administered Cd throughout gestation and were killed on the 20th day of
gestation for fetal examination. Ncupregnant femaies were illed after a total
administration period of 13 weeks. After a total of 9 weeks adminiszration, males
were subtected to dominant lethal tests by mating 2 females per maie per week for b
weeks. Pregnant females were killed on the 13th day of gestation, and he aumbers
of corpora lutea, live fetuses, early deaths (no remnants of fetuses). ind laie deaths
(remnants of fetuses) were recorded. One week after the cessaticn of dominant
lethal tests, which represents a recovery period of 50 days. male rats were klled and

examined.
Body weight was determined once a week for males, and ooce a wezk before
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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 mating, the
consumption was determined twice a week for pregnant femaies 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
Medical Electronics Co.). Hematocrit was determined by a centrifugation method
and hemogiobin, by a ¢yanmethemogiobin method. Fractionauon of WBC was
serformed on biced smears stained with Wright-Giemsa fuid.

Serum biochemical anaiyses were carried out with Hitachi automatic analyzer
Model 400, Hitachi. Lid.;. Parameters ested were GOT {a modification of the
method of Reitman-Frankel). GPT i{as for GOT). alkaline phosphatase (a
modification of the method of King-King). LDH (colorimetry of pyruvate by
reaction with dinitrophenythydrazine). :ctai protein (the biuret method), aibumin
{the BCG method). blood giucese (the glucose oxidase method). urea-nitrogen (the
urease -indophenoi methoed?. creatinine {the method of Jeffe), bilirubin (the method
of Jendrassik - Cleghorn). and gioculin (tctal protein munus aibumin).

Animals were bled to death under anesihesia with ethylether and subjected to
autopsy. In the cases of pregnant femaies used for ferulity and teratogenicity
studies, the thymus, heart, lungs, liver, kidneys, spieen, adrenals, ovaries, and
placentas were removed and weighed. The number of corpera iutea was counted
under a stereoscopic microscope. The number and locaticn of live, resorbed, and
macerated fetuses were counted and recorded. Live fetuses were subjected 10 sex
Jetermination, measurement of body weight, body length, and tail length, and
examipation for exiernal maiformations. About cne-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 skeletal examination by the
method of Dawson (1926).

After hematciogical examination, blood was coilected from the artenae femoraiis
of maie rats and sera were isolated by centrifugation for biochemical analyses. After
MACTOSCOPIC examination, the thymus. heart, lungs, 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 maie animals from each group, of three female animals from
the 0 and 10 mg/kg groups, and of all acnpregnant females were fixed in formalin
fixative, stained with hematoxylin—<osin, and examined histologically. In addition
to the main organs, the cerebrum, cerebeilum, thyroid, eyes, stomach, duodenum,
ileum, rectum, pancreas, urinary bladder, uterus, and ovaries were also examined
in nonpregnant femaies.

Examination of the fundus was carried cut with a fundus camera (Xowa RC2,
Kowa Co.). The ratio of the width of veins to that of arteries was determined by
measuring three pairs of veins and arteries per animal.

Oue, one, and two pregnant females from the 0, 1.0, and 10 mg/kg groups,
respectively, were subjected to reniogenographic observation using Scftex
({CMBW, Softex Co.).

The determunation of Cd in the liver and. kidneys was carried out by
homogenization of the tissues. foilowed by ivophilization, oxidization to ash with a
plasma reactor (PR-303, Yamato Scientific Co.), dissolution in /50 N HC], and
analysis with an atomic absorption spectrophotometer (Model 308, Hitachi, Ltd.).
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F1G. 2. Bedy we:ght changes of maie and femaie rats. Control (#); 0.1 meg/kg () 1.0 ngrkg {A): and
10.0 mgrkg ().
RESULTS
Cenerai Sympioms

Cne ‘emale ‘rom each of the 9.1, 1.0, and 10.0 mg'kg groups was lled by
misadministrauon. Major toxic symptoms observed in 14 wmaies and {3 “emales in

-

‘he ughest dese group (10 mekgy were as follows: depilation. 2 males and 3

.

‘emales: saiivagen. 3 males and 8 females: bleaching of incisors. 3 fem
segdaticn Segan appeanng 1 week after the siart of admimstraticn at the he
back area, and reqoirad apcut | menth or more for recovery. Some iid act recover.
Animals 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
suppressed the body weight gain of male animais and no recovery was seen Juringa
cenod of 7 weexs. Severe suppressicn of weight gain was breoaght about by the
administration of 10.0 mwkg. The recovery of body weight gain was ciphasic, beiag
initiaily rapid just after the cessation of Cd administration and then sicw throughout
the remaining reccvery period. Mean body weight gains for the 0. 0.1, 1.0, and 10.0
mg/kg groups ducring the administration period were 329, 230, 295, and 203 g, and
those during the recovery period were 86, 34, 89, and 161 g, respectively. Ounly the
10.0 mg'kg group showed growth retardation in females both before and after
mating. Body weight gains for the 0, 0.1, 1.0, and 10.0 mg/kg groups was {29, 130,
122, and 91 g before mating and 131, 126, 120, and 62 z during gestation,
respectively. The poor growth of pregnant females in the 10.0 mg'kg group vas due
1o the combined effect of the toxicity of Cd and the small aumber of live fetuses.
which in any vase showed growth retardation.

Food and Water Consumption

There were no marked differsnces in food and water consumption amoag the 0
0.1, and {.0 mg/ X2 Zroups. Ammais i the 10.0 mg/kg group consumed less feed ang
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water than those in the other three groups. When the food efficients were calculated,
the 10.0 mg/kg group showed a smaller value than the others. The food coefficients
(g body weight gain/g 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 mg/kg
groups, respectively.

Organ Weight

Tabie 1 shcws the organ weights of male and pregnant female rats. Since the
males were iiled after a recovery period of ~ weeks, two factors. the iasting toxicity
of Cd and the recovery process. were considered 10 be reflected concomitantly in
the males. As the females were killed dunng the period of administration, toxicity
was retlected more direcily in the females. The organ weights of the thymus, liver,
and ovaries decreased. However, since the body weight of pregnant amimais is
affected by fetuses, the relative organ weights are not reliabie. Thus, it is difficuit to
determine whether the decreased organ we:ght was a resuit of body weight decline
or specific toxicity of Cd. The weight of the adrenais, however, increased in spite of
the lower body weight, and this was aiso the case for male animals. In males, the
rziative organ weights of the lung, heart; liver. and spleen were greater than those of
the control group, which might reflect some aspect of the recovery phase.

Hematology

Hematoiogical findings are listed in Tabie 2. Here again, femaies redect the
toxicity of Cd more direcdy than maies. While the aumber of RBC increased in
females of the {0 mg/kg group. leveis of hemegiobin and hematocrit were greatly
reduced. indicanng the appearance of smailer RBC than normal. The number of
WBC aiso increased. Fractuonaucn of WBC indicated that the main contribution
was due to the increased number of aeutrophils, that is, neutrophilia. Increased

numbers of RBC and WBC were 2iso seen in maies. Hemogicbin and hematocrit,
however, had recovered to normai leveis.

Serum Biochemical Analyses

The results of serum biochemical analyses are shown in Table 3. Nonpregnant
females showed increased ievels of GPT and creatinine, indicating damage 1o the
liver and kidneys, respectiveiy. After a recovery period, the males showed
significant differences from the control in having a decreased level of albumin. an
increased level of globulin, a decreased A/G ratio, and an increased level of

creatinine. Thus, toxic effects of Cd were still apparent in the liver and kidpeys 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 inciuded 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
ABSOLUTE AND Rt ATive OrOAN WEIGHTS OF ANIMALS
Kats Males . Preghant temales
Duose (mg/kg/day) 0 0.1 1.0 t 0 0.1 10
No. of antmals 14 14 14 14 31 10 P4
Thymus (ag) 251 = 63 230 £ 22 208 1 39 222 = 39 271 = S1 272 = ol 238 + a#
(mg%) 471+ 13.0 419 £ 1.7 40.5 + 8.1 45.2 £ 117
Luig  (g) L7 £ 0.5 1.84 £ 0.27 .72 = 014 1860 = 0.24 138 £ 000 136 2017 144 £ 0.24
(890} 0.31v £ 0.035  0.334 £ 0.036  0.345 = 0 .035* 0.369 = 0.063%
: Heurt (g 1.43 = 0.13 1.49 £ 0.21 f.44 2 043 1.37 2 6.13 0.93 x 0.08 093 - 009 098 + Ot
; (%) 0.259 £ 0.016  0.270 = V.020  0.29F £ 0.031**  0.280 + 0.028* "
Liver () 139 = 1.9 145 = 1.8 1321 13 4.1 =19 1S3 1.2 149 :19 15614 g
k. %) 2.57 £ 022 262 £ 0.13 260 £ (.16 .85 & 0.33% 8
4 Splecn  (ng) 796 = 139 826 & 141 798 1« M 842 = 186 678 £ 115 661 2 95 663 + B4 ™
(mg%) 147 £ 20 150 x 16 157 = 1) 170 = 29+ >
-
g Kidneys (g) 3.40 £ 0.43 3.42 £ 045 333 1 0.32 308 = 0.32 199 £ 049 197 £ 0.29  1.98 1 v.23
(B%) 0.629 + 0.049 0,620 £ 0.062 0.656 = 0.040 0.645 = 0.027
. Adrenals (ing) 66 = 6 66 = 12 61 £9 &8 = 10 879 83 + |4 B4 = {0
(mg%) 123+ 1.5 120 1.5 12,1 = 1.4 138 £ 1 9°
Testes () 342024 3.48 £ 0.20 3.29 £ 0.23 3.5 £ 027
(%) 0.637 = 0.58 0.640 = 0.079  0.652 « V.07 0.792 £ 0,073
Ovaries  (tig) 145 £ 1} 129 + 20* 141 = 20
Carcass  (g) 410 + 42 419 + 35 392 + 32 375 1 35 P2 ] 224 = 1Y 217 18
(g%) AR IEN | 76.1 = 2.8 77.2 £ 33 76.2 3 2.1

" Mcati * S
* Signiticantly different from the contiod at £ < 0.05.
** Sigmihicanly differemn from the conuul w1 P < 0,01, "
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TABLE 2
. !
. Y HEMATOLOGICAL FINDINGS
— =t
1
-l : i k. Rats Maies Noupregnant femaies
~
- K gl + )
- - Dose ' mgkgday) 9 2.1 19 0 0 ) 10
‘ E Ng. of imimais 14 14 s 4 2 1 3
3 x ‘ " Qeu dlood <eils
" a4 ’ ¢ mm 64z 0 726 = A8 TS5+ T4 836 = 't 803 = 14 835 353 = 30°
— ~ ‘ White dood cells
hud S {104 mm 30 = 6 31 = 6 38 =2 108z i 52=99 129 98 = 20.1
f Hemogioom dD (7.4 = 2.8 166 =054 170 =03 17.5:07 163:57 168 14} =5
| Hemalocnt (i T = LT 463 = 1 .3 =10 470=13 45.3 = L.} 450 188 = 13-
* - I Fracuonation of
= - WBC %)
+ + 1 Evsinophils 0.5=0 0.5 0.6 = 0.2
Ea ps Neutrophils 0.8 =32 90 21.i =93
- (o] Lymphocytes 38.0 = 2.8 9.0 77.7 =97
Monocvies 0.8 = 0.4 0.3 3.6 = 0.2
Sasophils 0 0 0
= & ' * vean = 3D.
+ + * Significandy differemt ‘rom the control & P < 0.05.
-3 - ** Significantdy different Fom e comral 2 P < 301
— ~3
- eight in the 10 mg/kg group (Fig. 3). Iafiltration of small rcund cells in the kidneys
= - was observed in one our of three animals in the control group and four out of eight in
- = e Xal . P . ~y . - .
T o b the 10 mg/kg group. Slight atrophy of giomeruli was seen in the kidneys from two
ol 2 . animals out of eight in the 10 mg/'kg group. Pyelitis was seen in one out of three
. o . . - - - -
-3 = . animais in the 0.1 mg'kg group; Om macroscopic observation during autopsy,
) aonpregnant females of the 10 mg'kg group showed abnormaily enlarged jejunums
© : and illeums. with a darkish-brown color.
? o Microscopicaﬂy. hypempphy and hyperplasia of the l-umim propn'g mucosae
i HoH with a high frequency of mitotic figures was observed (Fig. 4). The weight of the
Y C‘;‘ E l adrenals was increased in spite cf the decreased body weight (Table 1). The adrenal
- ~ . T o .
= | cortex showed hyperpiasia with patchy necrosis (Fig. 5).
H
= ?: [Ta} 5
D x S5
232 nwZ S3; TABLE 3
E
2 iy : b NS SERUM BIOCHEMICAL ANALYSES
= § ] 3
" s 332 Rats Males Nonpregaant females
b2~
! €3 .
T Dose : mgkg:day) ] 0.1 1.0 10 0 1.0 10
po] o 2= No. of animais 14 14 14 14 2 3
=0 * - E g
Ho# HoH 32 GOT K.U) 101 = 10° 102 =12 9 =19 100 = 15 114 = 38 b 125 = 10
e o < GPT (KU PO0=63 332=79 4e=44 NIx64 %=3 25 614 = 7.8
T2 T+ 3 : AL K.ALD 91 =25 1id4=49 108:48 123=-59 75z 1.9 49 78=z17
< 8 LDHIC.W.U)  165=34 153=54 139 =4l i49 = 38 05 =13 iR 149 = 41
£3 TP igdh 6407 66:56 64:08 §9:=053 7.1 =01 16 6.1=207
ax3 ALB igdh 41201 42:06 40:01* 39:0.** 41=0.l 41 40=23
- = s |23%§ LB igydh 23207 24:03 25:=08 3.0=:04* 31202 3.5 21:06
3y 2 2% | » 32 ALB/GLB 20:08 23220 18207 13=04 L4z0l 12 21:96
2= < ~~ 1 g% g 3IL - mgdh 0.28 + 0.04 1.3t =005 027=005 030=2306 025=007 03 0.8 =905
" 2 224 CRE :mgdh Wixdé DB6=12 251=15 %6=23" M=0 27 79 =00
5 2 3 T e GLLU 1mgdD 147 = 29 i52 =8 150 = 12 i66 = 2* 124 £ 23 155 130 = 19
> g H LN imgdh 19024 192:23 189=17 194 :20 132:-04 296 21.0=47
'] #
[ < v
.- " Mean = 3D.

' Dignificantly different “rom the control at £ < 2.05,
** Significandy different from e controi & £ < 3.01.
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Fundus Examination

!
l‘

The fundus of nonpregnant females showed no marked changes. When the ratio
of the width of veins 1o that of arteries was calc:lated. values of 1.41 (n = 2)in the
control group, 1.5(n = 1} in the 1.0 mg/’kg group. and {.60 (n = 8) in the 10 mg'kg
Zroup were obtamned. Slight vasoconstricticn appeared to be present. However, the
small number of animals and the small magnitude of the differences betweeen the
control and :reated animais mean that it is not possibie 10 conclude whether or not
there was an adverse effect of Cd on the biood vessels.

Reniogenography

At autopsy, the bones of pregnant females of the 10 mg/kg group showed less
resistance to cutting and seemed more fragile that theose of the control.
Rentogenograms of one, one, and two animals {from the control. 1.0 mg'kg group. L
and 10.0 mg kg group. respecuvely, showed nc marked ditfferences among them. « '
Osteomalacia was not detected by this method.

Effect of Cd on Mating Behavior *@‘i f

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’kg groups, respectively, did not perform copulation. %
One female from the 0 mg/kg group and two females from the 0.1 mg/kg group : i i
copulated abortively. The average time span until copulation was 3.6 (n = 11),2.9 1
1 =10), 4.9 (n = 12), and 9.0 (n = 5) days in the 0, 0.1, 1.0, and 10.0 mg'kg A | f
groups, respectively. The highest dose group showed delay in performing p -
copuiation and gave a reduced copulation ratio. ‘ ;

Content of Cd

. * 13 %
The contents of Cd in the liver and kidneys are shown in Fig. 6. In general, the ' G i é
kidneys contained more Cd than the liver oa the basis of unit weight. However, the ? ¥
liver outweighs the kidneys by far (Table 1), so that the total content of Cd is much 1
greater in the liver than in the kidneys. Nonpregnant females received most Cd and I
contained most Cd. Since pregnant females received Cd until the 19th day of gesta- . é
tion, the later animalis became pregnant, the more Cd they received. Males received Lok 4
Cd for 9 weeks then received none for 7 weeks. Though it is difficuit to compare : é ‘
males with females, it seems clear that excretion of Cd from the liver and kidneys o ;
is delayed. SR ‘z

DISCUSSION

Marked anemia accompanied by reduced hemoglobin and stunted growth seems . §
to be the first manifestation of chronic toxicity of Cd in rats, as shown here and by Pog
others (Fitzhugh and Meiler. 1941; Wilsoner al., 1941; Decker er al., 1958); similar '
results were also obtained in pigs 1Barker and Trout, 1973). Wilson ez al. (1941)

F1G. 3. Focal necrosis in the liver from a 1onpregnant animal of the i0.0 mgrkg zroup ( « O0).

. F1G. 4. Hypertrophy and hyperplasia of the ileum from a nonpregnant female of the 10.0 mg/kg group . r .'xé

o - £ 100). 5

P : F1G. 5. Hyperpiasia of the adrenal cortex with patchy necrosis observed in a aonpregnant female of the AT

. X . 10.0 mg/kg group ( x 100). £ 3
- ¥ 5"’5 )
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FiG. 6. Accumuiation of cadmium in the liver (open bars) and kidneys {harched bars).

reported that a normal rate of growth was rapidly atiained on changing rom a
0.0125% Cd diet to the control diet and concluded that no permanent jamage -
resulted from Cd ingestion so far as growth rate was concerned. Close examination, “Zg
however, indicated that the recovery of body weight after Cd ingestion was i
- biphasic, as shown in Fig. 2. First there is a rapid phase just after the discontinuance 4
2 of Cd administration, followed by a siow phase.
’ Rapid recovery is possible cnly when the Cd toxicity is temporary and
reversible. The early phase may thus correspond to the inhibition of resorption of 73
autrients by unresorbed Cd in the digestive tract. More than 90% of Cd i
administered oraily remains in the tract without being resorbed (Friberg et al., ]
1974), causing water to remain in the tract. Either this water retention andior ¥
- competitive or enzyme-inhibiting actton of Cd may inhibit :ne resorption of .o
autrients, including iron cations. Inhibition of nutrient resorption would resuit in =
adaptive hyperplasia of the intestine (Fig. 4), and a limited supply cf iron would
lead tc anemia (Tabie 2). :
The slow recovery phase may ccrrespond to recovery from the lasting toxic
effect of resorbed Cd, mainly oa the liver and kidneys. While Cd is initiaily
accumuliated in the liver, metallothionein-bound Cd is conceatrated in the kidneys
(Cherian ef af., 1976: Tanaka er al., 1975). Our data (Fig. 6) show that Cd was
accumu:ated in the liver and kidneys almost in pcoportion to the dose level and that
only a small fraction of the accumulated Cd was excreted during 7 weeks. Damage ;
to the liver and kidneys was detected in serum biochemical analyses (T abie 3) and
histclogicaily i Fig. 33,
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The increased weight of the adrenals both in females, in spite of their decreased
pody weight, and in males, in spite of the recovery period (Table 1), is noteworthy.
As Cd has been reported to inhibit steriod biosynthesis (Kar and Das, 1959) and to
he accumulated in the adrenal cortex (Dencker, 19795), it is likely that circulating
corusol levels are diminished. leading o a compensatory increase in ACTH release
‘v negative feedback controi. Consequently. hyperpiasia of the adrenal cortex (Fig.
) arises.

Patchy aecrosis and the durable nature of the adrenal hyperplasticity suggest that
Cd accumulation per unit weight is high, and that excretion is slow. Experiments
using radicactive Cd by Dencker (197%) showed that radicactivity was accumulated
mnainiv in the liver, kidney, adrenal cortex, pituitary, and piacenta in pregnant
hamsters and mice.

Bleaching of the incisors was observed in cur studies. as reporied by cthers
‘Wilson et af., 1941 Fitzhugh and Meiller, {941: Ginn and Voiker, 1944; Decker et
ai., 1958). The simuitanecus occurrence of reduced hemoglobin and bleaching of
the incisors are indicauve of an inadequaie iron suppiy. It has been reported that
enamel pigments are similar in structure to hemogiobin (Ginn and Volker, 1944).

Fitzhugh and Meiller (1941} and Wilson er al. (1941) reported that anemia was
accompanied by reduced hemoglobin and a reduced number of RBC. In our studies,
hemoglobin levels were reduced, but the RBC count was increased. This may be
necause the Cd toxicity was only moderately severe, or may represent a short-term
response which might be reversed later. Wilson ¢z af. (1941) reported that the bone

marrow from Cd poisoned animals was very hyperplastic as compared with the
controls.
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