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ABSTRACT

Young male rats were exposed to cadmium‘oxide aerosols
for varying pericds ¢of time and their lung and kidney tissues
analysed for subcellular distribution patterns of cadmium, zinc
and copper. Both organs concentrated cadmium in the cytoplasmic
soluble fraction and in connective tissue. After inhalation
exposure tissue subcellular fracticnation revealed that 50% and
70% of the cadmium present was associated with the kidney and
lung supernatants, respectively. These figures are in contra-
position to the cadmium subcellular distribution before inhalation
where the majority was associated with the fibrous connective
tissue and larger cell fragments. Distribution patterns for copper
and zinc d4id not change as markedly as did cadmium. Retention values,
based on the total quantity of cadmium recovered from each organ,
indicate that very little of the inhaled cadmiwn is contained in
either. The lung, being the major site of entry, retained ten times

as much cadmium.






INTRODUCTION

Although the absorption, distribution, metabolism, toxi-
city and excretion of cadmium has been the subject of extensive
. 1.2 . . .
review, fewer studies have been concerned with respiratory
deposition and subsequent metabelism of cadmium containing dusts,
3-6 , . ..
aerosols or fumes. The metabolic fate of cadmium containing
compounds administered by other routes of entry, such as gastro-

’ 12,1
10,11 subcutaneous, 3

J'.ntestinau,—""9 intravenous, or intraperi-
ﬁoneal,l'14 has been investigated. The results indicate that
cadmium is located initially in the plasma, followed by a later
association with proteins in the blood cells, in turn followed by
subcellular binding in the liver and kidneys. The cadmium-protein
association, where examined, appears to be confined to low molecular
weight components of serum,lz'l7 liver and kidneys,6'l3'15'16 very
often the protein, thionein. When found in the cell, cadmium appears
to be associated mainly with the cytoplasmic soluble fraction. The
present study was undertaken to locate cadmium absorbed into the
lungs after short term exposures to CdO aerosol, and measure tissue
levels of cadmium as a function of exposure times. These findings
were compared with tﬁe measured concentrations of cadmium in the

kidney, since cadmium appears to accumulate in that organ before its

. . . . 1
urinary excretion is markedly increased.






EXPERIMENTAL METHODS

All experiments were performed with male, albino, Sprague
Dawley rats, (Laboratory Services), two months old at the start
of each experiment. The animals used in this series were main-
tained on a standard diet (Purina Laboratory Chow) and housed in
stainless steel cages. The rats were exposed for 5 to 7 week
periods and therefore were sacrificed at ages ranging from approxi-
mately 4 to 8 months. After the appropriate inhalation exposure,
the experimental as well as control animals were sacrificed after
being anesthetized with sodium nembutal, the rik cage opened, and
the lungs perfusea with the buffer soclution used for the succeeding
cell homogenization. The perfusion fluid entered through the right
ventricle of the heart and exited through the left auricle. The
lungs were perfused untii they were white in appearance, transferred
from the hody to ice-cold homogenizing medium and washed four succes=-
sive times with 10 cc aliguots of homogenizing medium. Lung washing
was a modification of standard procedures used in the collection of

19,20,21

alveolar macroprhages. The kidneys were rinsed and transferred

directly to the cecld homogenization medium.

Preparation of the Homogenates: Both kidneys and lungs were homog-

enized at 4°C in a medium composed of: 0.17 M sucrose, 0.15 M
mannitol and 0.005 M 2-amino-2-(hydroxymethyl)-1,3-propanedicl (Tris),
adjusted to a pH of 7.4 with HCl.19 The procedure was an adaptation

19,21-24

of published techniques. The teflon pestle of the homogeni-

zation vessel (Arthur H. Thomas Co., Size C) was machined to provide



a 0.030 inch clearance. The tissue was homogenized for one minute
at 800 rpm followed by one minute at 1000 rpm. The final volume of
the homogenate was adjusted to give a 10% (w/v) solution. 1In the
case of the lungs, this figure is approximate, as all lungs contained
about 2 cc of the buffer used in the lung washings. The crude
homogenates of three animals were pooled for each fractionation
experiment. Subcellular fractionation was achieved through differ-
ential centrifugation25'26 as mcdified by Reiss for rat lungs.24

We have omitted filtration of the homogenate through bolting cloth,
and washing of each individual fraction with excess buffer, in
order to gain greater precision in the subséquent metal analyées.
Examination of the individual fractions by electron microscopy

indicates successful separation.

Animal Inhalation Exposures: The inhalationTprocedures used were
those established by E. Bingham EE.§£'27 Animals were exposed to
cadmium oxide aercsols for 8 hours per day, 5 days a week, in
individual stainless steel cages. The concentration of the aerosol
varied from 36 to 280 ng Cd/m3 on a daily basis. Chemical analyses
of the metal in the oxide were conducted daily on samples collected by
filtration of the air through millipore filters. The Cd0 is generated
by combustion of cadmium acetate-aerosol, the desired concentration
being maintained by controlling the volume of aercsol introduced into
the combustion oven. The product is diluted with filtered air and
passed into the inhalation chambers. The particulate matter in the
chambers is sized using a 7-stage Anderson impactor and a 47 mm
millipore back up filter. The mass median diameter is 0.15 u, and 89%

of all the particles are below 0.53 u.28



RESULTS AND DISCUSSION

Lung and kidney tissues, obtained from rats before and
after a two hundred hour minimum exposure peried, were homogenized
in sucrose-mannitol buffer. Differential centrifugation of the
homogenates separated the cell components into five fractions.
Tables Ia and b list the distribution ¢f metals throughout these
fractions on a gram per gram dry weight basis and Takle II presents
the subcellular distribution in percentile terms. Nine to sixteen
animals were used for each exposure period and the results are
given as the mean plus or minus the standard deviation. Both the
control and lower exposure groups contain animals ranging from four
to eight months in age. Animals receiving 4 to 5 mgs of cadmium
were all six months old. The animals are grouped according to the
total amount of cadmium in the cadmium oxide because the variable
daily exposure levels made some individual exposure periods shorter
than others. All exposed animals were in the chambers 212 to 264
hours. Examination of both tables reveals that cadmium is concen-
trated in the fibrous connective tissue and the soluble cytoplasmic
fraction of both lungs and kidneys. Due to procedural difficulties,
the exact amount of buffer in the soluble supernatant is not
measured and therefore not subtracted from the total weight of this
fraction. Instead, the quantity of metal present is measured in
percentile terms {Table II) to make the figure meaningful. Although
there is some variation in the zinc and copper levels before and
after Cd0 exposure, the relationship is largely obscured by the devi-

ation from animal to animal. The majority of all three metals resides



in the supernatant and fibrous tissue. There is apparently a
distinction between the lung and kidney with respect to cadﬁig@
binding in the microsomal fraction. The kidney microscmes
selectively concentrate cadmium where their lung counterparts do
not. This is best illustrated by Table IV where the'results have
been expressed in terms of a cadmium/zinc ratio (wt./wt.) in each
fraction hefore and afier exposure. Nine animals were used in each
group; the exposure period lasted 232-242 hours. Cadmium accumulated
in the lung at a faster rate than zinc in almest every fraction, but
principally in the supernatant:; in kidney, the same was true with
respect to the mibrosomal fraction. Other workers have reported a
similar preferential concentration of cadmium in the mitochondria of

£ 109

the liver after a single injection of a equimolar mixture o ca

and 655,13

The exposed animals in these studies were all treated to rela-
tively low concentrations of Cd0 aerosols (35-275 pg/m3) at intervals
of 8 hours per day, 5 days a week, over a minimum of 7 weeks. Although
the aerosol particle size was small (median diameter 0.15 m), and the
particles were presuably soluble, the total guantities founa in the
lung and kidney were small {but well above that in the control animals)
{Table III). A calculation of the percentage retention (based on the
cadmium present in the chamber and the cadmium concentrations in the
organs) indicates that far less is retained in the present work than
reported in the literature.l Thus, using an approximate lung volume of

2 c¢c and a breathing rate of 80 times a minute, the percent retention

in the lung is about C,03%, and in the kidney, about 0.003%, a factor



of one hundred to a thousand fold less than those estimated for

4 6

acute™® as wvell as chronic® exposures, These low values, at this
exposure level, may represent an efficient clearance mechanism by

the body. In support of this possibility are the findings that:
virtually nc cadmium is present in the lung washings: and, micro-
scopic examination of lung sections shows very few particles

present in the cell bodies or alveolar ducts. A slight amount of
perivascular lymphoid hyperplasia was noted after six weeks exposure,
however.28 It should be emphasized that the values used for the
organ concentrations are a summation of concentrations measured in
individual subcellular fractions. Since the precision with which

the individual eoncentrations were measured was good (2-10% variation)

and since all fractions are analysed, any cadmium lost in the frac-

tionation procedure is considered small in proporticn to that measured.
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Table III.

Retention of Cadmium in Lung and Kldney After Inhalation Exposurs.
Results are expressed as grams of cadmium in cach cell fraction.

Hours Exposure Q Q 2302 2482 2642
Grams Found x 1078 x 1078 x 1076 x 1078 x 1076
. Cell Combonent
Lu.‘nsr
Connective tissue 0.540 0.811- 9.0 12.9 13.9
Bomogenate 0.096 0.66 2.45 2.93 2.29
Call clumps and
large fragménts 0.398 0.47 14.3 16.5 13.9
Cell fragments 0.033 0.054 0.69 1.02 1.3
and nuclei
Mitochondria 0.06 0.09 0.56 1.06 1.69
snd lysosomes
Microsomes Q.als 0.024 0.42 Q.65 1.38
Sl:pemata_nt <limit Climit 46,9 82.0 88.3
Macrophages 0.100 0.017 0.345 0.65 1.38
Lung Washings <limit <limit 0.905 1.28 3.02
TOTAL 1.211 2.127 73.90b 117.290  125.57P
(Avg. = 1.665)
Eidney:
Cormective tissue 0.180 0.402 0.76 1.68 2.21
Homogenate 0.122 <linit 0.42 0.75 0.66
“Cell clumps
. Iarge f:agmén:a 1.450 1.79 3.15 5.40 5.99
" Nuolei and cell
fragments D.180 0.114 . 0.25 0.41 0.46
Mitochondria 0.068 0.188 0.20 0.45 0.48
Micosanes 0.044 0.084 0.26 0.23 0.71
Suopernatant <limit <limit 3.79 7.73 18.5
TOTAL 2.044 2.578 6.52P 14.34F 26.7¢P
(avg. = 2.311)
Sxams of cadmium inhaled® 0.2844 0.3342 0.3824
Percent cadmium retained:
Lung 0.02¢ 2.,0135 0.033
Kidney G.002 0.004 0.007

a. 232, 248, 264 hour exposures deliver 4.25, 4.88 and 5.05 x 102 cms cd
regpectively, to the chamber. Weight figures have been adjusted to

represent only the cadmium present in the oxida.

b. The figures representing the grams recovered have boen corrected for the

) cadmium present before the experiment began,

€. The calculations are based on an average lung velume of 2 cc and an

inhalation rate of 80/minute. There are ) rats in each excosure grouping.

\t



Table IV. The Cadmium-Zinc Ratio for Lung and Kidney Fraction

Before and After Exposure to Cadmium Oxide herosoltr?2

Subcellular Fraction ControlLung Exposed ControfidneyExposed
Connective Tissue 0.0244 0.507 0.0191 0.031

Cell Clumps, Large 0.0268 0.257 0.0259 0.056

Fragments

Nuclei, Cell 0.0244 0.515 0.0246 0.076

Fragments

Mitochondria 0.0646 0.226 0.0306 0.060

-Microsomes 0.0420 0.289 0.0261 ¢.139

Supernatant 0.0213 1.308 0.0057 0.0615
Macrophages 0.155 0.141

+

1. The exposure period lasted 235 I 5 hours.

2. The median figure for the analysis of 9 animals was used
for each calculation.

12
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