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Summary. The effects of i.m. administered cadmium on growth rate and nephromorphology were studied in young pullets. 
The growth rate of pullets treated with 0.6 mg z + Cd /kg at 48-h intervals was severely retarded, reaching only 50 % of normal 
growth by 21 days. Such a decrease in growth rate was prevented when cadmium was given with either ferric or magnesium 
EDTA chelate. Electron micrographs of kidney tissue from cadmium intoxicated birds revealed massive intracellular disor- 
ganisation of proximal tubular cells, showing increased vacuolation and dilated endoplasmic reticulum. Mitochondria were 
few and swollen with reduced cristae. Some disorganisation was noted in the group treated with MgEDTA in conjunction 
with cadmium, with normal morphology observed in the group treated with FeEDTA plus cadmium. 
In general, glomerular morphology of intoxicated pullets appeared normal, except that a 25 % increase in thickness of the 
glomerular basement membrane was evident. No such membrane thickening was observed in any of the chelate treated 
groups. 
These findings indicate that both chelates can provide certain levels of protection, in terms of growth rate and morphology, 
from cadmium intoxication. The possible mechanisms by which chelates offer protection have been discussed, but many 
questions remain unanswered. 
Key words. Cadmium treatment; avian nephromorphology; growth rate; chelate. 

Introduction 

Several reports have described the pathological, physiologi- 
cal and biochemical effects of cadmium intoxication in hu- 
mans and other mammals 1-6  In general, the intoxication 
has revealed some common features, such as demineralisa- 
tion of bone and hypercalcaemia, leading ultimately to bone 
fragility, massive retention of the body burden of cadmium, 
mainly in liver and kidney tissue, and interference in mito- 
chondrial activity and membrane bound enzymes. 
It has been shown in long-term studies that rats treated with 
low levels of cadmium (2.1 ~tg/day, orally) accumulate ap- 
proximately 80 % of the metal in the cytosol of renal cells 
with 7, 4 and 3 % appearing in the mitochondria, nuclei and 
lysosomes respectively 7. It is possible that this large reten- 
tion of cadmium, either in the bound thionein complex or in 
the free form, could lead to changes in renal ultrastructure. 
Indeed, it has been stated 4 that biochemical and ultrastruc- 
tural alterations in proximal tubules appear to parallel each 
other. 

Samarawickrama 4 has suggested that in the kidney, patho- 
logical changes resulting from cadmium intoxication are es- 
sentially the same irrespective of the route of administration. 
When cadmium is administered orally, however, no valid 
conclusion can be made about its absorption. Estimates of 
absorption of ingested cadmium have been suggested to be 
approximately 2 % in laboratory animals, though values of 
about 6 % have been recorded in humans 8. 
On administration, cadmium is initially stored in the liver, 
and subsequently transported to other organs, predominant- 
ly the kidney 9. In rats, a single i.v. injection (2.5 mg/Cd z +/ 
kg) resulted in dilatation of ER, mitochondrial swelling and 
areas of degenerated cytosol in liver cells. Over this short 
period, no such disruption was observed in renal tissue, ex- 
cept that there was occasional pyknosis of nuclei in proximal 
tubular cells lo. These findings suggest that kidney changes 
follow those seen in the liver. 
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In chronic exposure, however, (0.6 mg Cd 2 +/kg s.c. daily for 
24 days) changes were observed 11 in proximal tubule cells, 
the mitochondria showing a reduction in numbers of cristae. 
Mitochondrial changes in proximal tubule cells were also 
observed in a series of experiments on rats given 50 or 
300 rag/1 Cd 2 + in drinking water, for periods ranging from 
6 to 40 weeks. Swelling of mitochondria, a decrease in densi- 
ty of the matrix and occasional rupture of the outer mem- 
brane were recorded 12. 
In a study where cadmium was administered at various levels 
to rats in drinking water (estimated intake 5 gg, 50 gg, 
0.5 mg and 2 mg per day) for 6 or 12 weeks, dose related 
changes in peritubular capillaries were seen. The basal lami- 
na of peritubular capillaries appeared to be increased, and 
there was irregular thickening of the glomerular capillary 
basal lamina 13. These changes were seen at all dose levels 
and at both time periods. Moderate thickening of glomerular 
basal lamina has also been seen in rats ingesting cadmium 
(50 or 300 mg/1 in drinking water) over periods of up to 24 
weeks 12, and in rabbits given s.c. injections of 1.53 mg/ 
Cd 2 +/kg weekly for 11-29 weeks marked cell vacuolation 
and desquammation in proximal tubules was observed. Mild 
glomerular alterations (thickening of the basal membrane) 
were also evident in these animals 14 
In other studies, rabbits provided with cadmium in drinking 
water (98 mg Cd2+/1; 9 mg Cd2+/kg/d) over a long period 
(200d) 15 showed dilated ER in proximal cells, and 
glomeruli were found to have deposits of collagen between 
mesangial cells and the basement membrane. 
In mice exposed to s.c. injected cadmium at 0.112 mg Cd2+/ 
72 h for 30-39 days (estimated at 4.50 mg Cd2+/kg/injec - 
tion) severe cell necrosis, mitochondrial swelling and nuclear 
pyknosis were reported in proximal tubule cells, and in gen- 
eral terms, similar observations were made in proximal cells 
of starlings following an identical dosing schedule 16. 
Associated with cadmium intoxication, it has been reported 
that the cadmium cation displaces functional endogenous 
ions such as magnesium, zinc, iron and cadmium from their 
action sites 5. Such displacement and alteration in meta- 
bolism could produce a range of functional abnormalities. 
With respect to cadmium, for example, it has been reported 
that a low dietary cadmium intake increases renal deposition 
of cadmium and enhances bone demineralisation in 
rats 17. is, and aggravation of abnormal skeletal changes has 
been noted in cadmium-treated calcium deficient rats 19. In 
the quail, it is known that continual dietary exposure to 
cadmium decreases calcium retention, though the workers 
suggested that this might be due to iron deficiency or reduced 
food intake 20. Experiments on quail fed with cadmium re- 
sulted in iron deficiency and poor bone mineralisation 21, 
which presumably may result from an increased secretion of 
parathyroid hormone�9 
In birds, there is a high rate of calcium turnover, associated 
with early growth and subsequent egg laying activity. A 
drain on body calcium could lead to profound alterations in 
calcium metabolism, including such processes as medullary 
bone deposition in young pullets and induction of massive 
renal loss of calcium. In the present series of experiments, 
pullets were provided with a high calcium diet prior to and 
during studies on the effects of i.m. injected cadmium on 
growth rate and on changes in renal ultrastructure over a 
3-week period. In addition, the use of two heavy metal 
chelates, ferric monosodium EDTA (FeEDTA) and magne- 
sium disodium EDTA (MgEDTA) (both supplied by BDH 
Ltd.) in braking or protecting the birds from the effects of 
cadmium intoxication was investigated. 
As the sodium salt of EDTA forms a very stable complex 
with calcium ions in the serum 22, it is often administered as 
the calcium salt. This has been used in mice 23, which were 
partly protected against a range of single, i.v. doses of cadmi- 

um chloride (from 2.28 to 7.60 mg Cd 2 +/kg). In the current 
study, however, two other compounds of EDTA were used, 
the ferric and magnesium salts, the cations of which could 
dissociate from the EDTA and become available to supply 
any deficiency and in so doing increase the efficiency of 
EDTA in chelating cadmium. Indeed, enhancement of cad- 
mium uptake has been noted in iron deficient rats 14 and 
mice 25. An additional supply of iron could therefore be ad- 
vantageous in maintainance of normal metabolism. Similar 
arguments might also be applied to the magnesium chelate, 
for example the maintainance of structural integrity of cell 
membranes is associated with metal ions including magne- 
sium 26. Additional magnesium may therefore assist in this 
respect. 

Materials and methods 

Twenty-eight Rhode Island Red cross Light Sussex 
(RIR x LS) female pullets, of age six weeks and average 
weight 191.1 _+ 11.8 g were used in these experiments. They 
were maintained on a high calcium commercial diet, con- 
taining 4.1% calcium and 0.9% phosphorous. Food and 
water were supplied ad libitum. Prior to experimentation, 
the pullets were randomly separated into groups comprising 
5 birds per group, except for two groups where 4 birds per 
group were used. After allowing a 'settling in' period of 7 
days, each pullet was given i.m. injections at 48-h intervals 
for the duration of the experiment (21 days). 
Group 1 pullets were injected with 0.5 ml of isotonic saline 
(160 mM sodium chloride). Group 2 pullets were given 
0.5 ml of the ferric monosodium salt of EDTA (FeEDTA) at 
27.2 mM (26.2 mg/kg) dissolved in saline; group 3 animals 
were given 0.5 ml of the magnesium disodium salt of EDTA 
(MgEDTA) at 27.9 mM (26.2 mg/kg) also dissolved in saline 
and those in group 4 were administered with 0.5 ml of 
54.6 mM cadmium chloride in saline (approximately 0.6 mg 
Cd2+/kg per injection). Birds in group 5 were treated with 
0.25 ml 109.2 mM cadmium chloride (approximately 0.6 mg 
Cd2+/kg per injection), and additionally with 0.25ml 
54.4mM FeEDTA, and those in group 6 with 0.25ml 
109.2 mM cadmium chloride and with 0.25 ml 55.8 mM 
MgEDTA. In those animals given both chelate and cadmium 
chloride, separate injections were made, in the right and left 
breast muscle respectively. The total volume of injected fluid 
was kept constant in all animals, hence the doubling of the 
concentrations in groups 5 and 6, where two test substances 
were administered. The amount of chelate and of cadmium 
chloride .given to animals in groups 5 and 6, however, was the 
same as m the other groups�9 
All pullets were weighted at regular intervals, and their gen- 
eral appearance observed and recorded. At day 21 the expe- 
riment was terminated and gross macroscopic anatomy exa- 
mined at autopsy. Samples of renal tissue for subsequent 
examination by electron microscopy were taken from all 
individuals. The kidneys were located and immediately flood- 
ed with 2.5 % gluaraldehyde (made up from the standard, 
approximately 25 % solution for electron microscopy, sup- 
plied by BDH) in 0.1 M cacodylate buffer at pH 7.2, made 
up in 0.25 M sucrose. The cranial divisions were rapidly 
removed, and 1-mm 3 blocks of renal tissue were cut and 
immersed in fresh, cold (4 ~ glutaraldehyde fixative for 3 h. 
The specimens were then rinsed with 0.1 M cacodylate buffer 
(pH 7.2) containing 0.25 M sucrose. Post fixation was in 1% 
(39.34 mM) osmium tetroxide in cacodylate buffer/sucrose 
for 1 h (at room temperature) after which the blocks were 
rinsed in buffer and dehydrated through a series of ethanol, 
with en bloc staining at the 70 % ethanol stage. After dehy- 
dration, the samples were rinsed in propylene oxide (2 chan- 
ges), followed by a 1 : 1 mixture of propylene oxide and resin 
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(araldite). After transfer to fresh resin, the blocks were em- 
bedded in araldite and polymerised at 60 ~ for 24 h. 
Ultrathin sections were cut using an LKB III ultramicro- 
tome and were collected on uncoated 300 mesh copper grids. 
The sections were then stained in saturated uranyl acetete 
(1 min) followed by Reynolds' lead citrate (I rain). 
Sections derived from all individuals in the experiment were 
examined using a Jeo1100 STEM, and photographs taken at 
a range of magnifications. The resulting electron-micro- 
graphs were then analysed using the technique described by 
Loud 27, in which the relative areas occupied by cytoplasmic 
structures such as mitochondria, and by the cytoplasm itself 
may be calculated. Measurements of cells were made on 
electron micrographs using a grid overlay. By measuring the 
length of the lines of the grid that were superimposed on 
various structures, for example mitochondria, it is possible, 
after suitable calculations, to determine the area occupied by 
that structure in the section of the cell studied. Student's 
t-test was used for statistical evaluations of these results. 

Results 
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General observations 

Pullets treated with saline solution (group 1) or with ferric 
monosodium (group 2) or magnesium disodium (group 3) 
salts of EDTA (FeEDTA or MgEDTA) showed no visible 
signs of ill health in the course of the experiment. In contrast, 
from day 14 those pullets treated with cadmium alone 
(group 4) appeared to show increasing signs of ill health as 
indexed by reduced food and water intake. No similar 
changes were observed amongst  those cadmium-treated pul- 
lets that were additionally administered with either FeEDTA 
or MgEDTA (groups 5 and 6 respectively). 
Internally, fluid accumulation was observed in both the tho- 
racic and abdominal cavities of pullets treated with cadmium 
alone. The adrenal glands of these birds were enlarged and 
appeared somewhat swollen, compared with those observed 
in all other groups investigated. Macroscopic examination of 
the liver revealed the presence of white blotches on one or 
more lobes in all cadmium-treated pullets, and also in a few 
animals treated with cadmium and MgEDTA. In those treat- 
ed with cadmium and FeEDTA, however, the liver was of 
normal appearance. The kidneys of cadmium-treated pullets 
showed a highly lobulated appearance with white superficial 
deposits, perhaps suggestive of either renal necrosis or depo- 
sition of  insoluble urates in the renal parenchyma. No such 
changes were noted in the saline control or chelate-treated 
groups. 
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Figure 1. Growth of pullets (mean • SEM) treated with saline 
(groupl: n=4,  O), FeEDTA (group2: n=4,  ~) and MgEDTA 
(group 3: n = 4, �9 
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Figure 2. Growth rate of pullets (mean • SEM) treated with Cd 2+ in 
saline (group 4, n = 5, O), Cd 2+ plus FeEDTA in saline (group 5, n = 5, 
~) and Cd 2+ plus MgEDTA in saline (group 6, n = 5, �9 In groups 5 
and 6 the cadmium and chelate were administered separately. 

Effects of cadmium on growth rate of pullets 

Figure 1 shows the pattern of response of pullets treated 
with saline (group 1) and ferric and magnesium salts of 
EDTA (groups 2 and 3). There was a progressive increase in 
weight from day 5 in groups 1, 2 and 3 pullets. By day 21, 
these increases were 187 • 8.8 g (95 • 5%), 216 • 15 g 
(105 _ 6%) and 200.5 4- 5.5 g (100 _ 3%) respectively. No 
significant differences were seen when the growth rate of 
saline-treated pullets was compared with birds treated with 
FeEDTA or MgEDTA alone, indicating that chelate admin- 
istration alone did not markedly affect the growth rate of 
these pullets. 
In the group of cadmium-treated pullets, however, growth 
rate appeared to be severely restricted, the weight increase 
being 65 • 1 g (45 + 5 %) by day 21, compared with increas- 
es of 196 • 22.4 g (88 4- 7%) and 149 ___ 5 g (85 • 6%) for 
cadmium-treated pullets given additionally either FeEDTA 
or MgEDTA respectively (fig. 2). Statistical appraisal (Stu- 
dent's t-test) of these results revealed that the growth rates of 

groups 5 and 6 pullets (cadmium plus FeEDTA and cadmi- 
um plus MgEDTA respectively) were highly significantly in- 
creased (p < 0.001) between days 15 and 21, relative to those 
observed in birds treated with cadmium alone (group 4). 
In addition, comparison of the results obtained from 
groups 2 and 3 pullets (chelate alone) with those from 
groups 5 and 6 (cadmium plus chelate) showed no significant 
difference at day 21. In general, these results indicate that 
both chelates act to protect the pullets, in terms of growth 
rate, from the deleterious effects associated with cadmium 
intoxication. 

Renal ultrastructural changes associated with cadmium intox- 
ication 

On examination, the electron-micrographs of renal tissue 
derived from pullets treated with cadmium alone revealed 
small histological changes in glomeruli and extensive disor- 
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Figure 3. Transmission electron-micrograph of a glomerular capillary 
loop from a cadmium-treated pullet illustrating eudothelium (E), base- 
ment membrane (B), epithelium with podocytes (P) and capillary lumen 
(L). x 7000. 

Based on examination of a number of proximal tubular cells 
(n = 40), absolute numbers of mitochondria seen in cell sec- 
tions were found to be markedly (p < 0.02) reduced in cad- 
mium-treated birds (58 +_ 4) compared with those in saline- 
treated animals (90 _+ 8). Calculation of mitochondrial- 
cytoplasmic ratios (MCrs) in proximal tubule cells, using 
Loud's method 27 revealed values of 1:2.8 in saline-treated 
birds and 1 : 4.7 in cadmium-treated animals. These findings 
indicate a reduction in numbers of mitochondria in proximal 
tubule cells of cadmium-treated individuals. The ratios de- 
termined from pullets treated with cadmium and either 
FeEDTA or MgEDTA were found to be 1 : 2.3 and 1 : 3.2 
respectively, indicating no marked differences between the 
relative efficacy of the two chelates in this respect. Moreover, 
these MCrs are comparable with the values obtained from 
proximal tubule cells derived from saline-treated birds. Mea- 
surements taken from electron micrographs of proximal 
tubule cells revealed no overall cell enlargement when cadmi- 
um-treated birds were compared with saline-treated animals. 
In addition to the reduced numbers of mitochondria in cad- 
mium-treated pullets, many of the remaining mitochondria 
appeared to be somewhat swollen, and occasional cavitation 

Figure 4. Transmission electrou-micrograph of a normal glomerular 
capillary loop from a saline-treated pullet illlustrating endothelium (E), 
basement membrane (B), epithelium with podocytes (P) and capillary 
lumen (L). x 7000. 

ganisation of cellular components, particularly with respect 
to the proximal and distal convoluted tubules. 
In pullets treated with cadmium alone, glomerular morphol- 
ogy appeared to be essentially normal, when compared 
to that in either saline or chelate-treated animals. In all 
the glomeruli from cadmium-treated birds investigated, 
however, there was an approximate 25 % increase 
(43 + 0.49 nm) in the thickness of the basal lamina (fig. 3), 
compared to that seen in saline or chelate-treated animals. 
The increased thickness was not seen in those birds treated 
with either ferric or magnesium chelate in conjunction with 
cadmium (fig. 4). It is likely that the increased thickness of 
the glomerular basement membrane may militate against 
glomerular filtration of both endogenous and exogenous fil- 
trands. This effect has also been noted in ischaemia and 
hypertension zs, though in these cases the change is suppos- 
edly due to shrinkage of the glomerulus, the basal lamina 

29 material being accommodated in a smaller volume . 
Examination of proximal and distal tubular cells revealed 
vacuolation of the cytosol, and marked dilatation of endo- 
plasmic reticulum (ER) in cadmium-treated birds (fig. 5). 
This was not seen in the saline-treated control group 
(group 1) or in any of the groups treated with chelate, either 
alone (groups 2 and 3) or in conjunction with cadmium 
(groups 5 and 6). 

Figure 5. Transmission electron-micrograph of proximal tubule ceils 
from a cadmium-treated pullet, illustrating brush border (BB) and mito- 
chondria (M). x 5000. 

Figure 6. Transmission electron-micrograph of distal tubule cells from 
a cadmium-treated pullet, showing cavitation of mitochondria (CM) and 
dilatation of ER (D). x 14,000. 
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of the matrix, swelling of the cristae and rupture of the outer 
membrane was observed (fig. 6). Hydropic mitochondria 
have been seen in numerous conditions 3~ and are symp- 
tomatic of injury to the cell 29. The numbers of cristae were 
also reduced in the mitochondria of proximal cells derived 
from cadmium-treated animals. 
In tissues derived from cadmium-treated pullets, intra-mito- 
chondrial granules were seen, whereas in those derived from 
the saline-treated control birds (group 1) and from FeEDTA, 
MgEDTA and cadmium plus chelate groups (2, 3, 5 and 6), 
intra-mitochondrial granules were not observed. 
In general, the cells of the distal tubules of cadmium-treated 
pullets appeared to be highly vacuolated, compared with 
control animals. The reduction in numbers of mitochondria, 
however, was less marked than that seen in the proximal 
tubules (saline-treated, 42 _+ 3; cadmium-treated, 26 _+ 2.7), 
nevertheless there was a pronounced dilatation of ER. 

Discussion 

The present investigation has demonstrated that cadmium 
intoxication in growing pullets profoundly affects the rate of 
growth. This restriction in growth rate has also been ob- 
served in mammals. In young rats, s.c. injection of 0.75 mg 
Cd2+/kg at either 48-h intervals 31 or three times per week 1 
for 8 weeks did not affect weight gain, but injections of 
1.5 mg Cd2+/kg/d induced a reduction in body weight in 
rabbits from the second day 3z. Rabbits injected with 1 mg 
CdZ+/kg s.c. for 5 days per week for 8 weeks lost weight, 
whereas untreated controls increased in weight 33. In oral 

administration of cadmium in drinking water at 50 and 
300 mg/1, there was a depression in growth rate in rats 12, and 
in day-old quail, growth retardation was observed when they 
were fed 75 mg Cd 2 +/kg for 2- or 4-week periods 21: however 
in the cases of oral administration, the amount of cadmium 
absorbed is uncertain 4. 
In general terms, it is probable that the reduced growth rate 
may be attributed to disorganisation of cellular components, 
combined with a loss of appetite. In pullets treated with 
either ferric or magnesium salts of EDTA in conjunction 
with cadmium, however, no significant reduction in growth 
rate was observed, but the mechanism by which such protec- 
tion is effected remains unanswered. 
It is probable that in the cadmium-treated pullets the pollu- 
tant exerted its effects by altering kidney function, effectively 
preventing its excretion by hepatic and/or renal routes. Such 
a retention would result in interference with the metabolic 
processes of the cells and could lead to profound alterations 
in renal cellular activity involving the maintainance of func- 
tions related to excretion. 
Massive renal retention of cadmium ultimately resulted in 
development of renal tubular lesions and atrophy of renal 
tubules in rats, mice and rabbits 8. In addition, when rabbits 
were injected i.p. with a range of doses of cadmium, from 2.5 
to 7 mg CdZ+/kg/d for 21 days, it was found that up to 3 mg 
Cd 2 +/kg/d there was no detectable effect at light microscope 
level, but by 4 mg CdZ+/kg/d, extensive hydropic swelling 
and necrosis of tubular epithelium was produced. Free fluid 
was also noted in the peritoneal cavity 34, an event that was 
seen in the current experiments. 
In our study, using the lower dose of 0.6 mg Cd2+/kg/48 h 
for 21 days, no major morphological (ultrastructural) 
changes in the glomerulus were observed, the only change 
being an increase in thickness of the basement membrane. 
Similar findings in rats have been reported 13 at a range of 
oral doses of cadmium chloride (estimated intakes being 
3.07 txg, 30.66 gg, 0.31 mg or 1.23 nag Cd2+/d for 6 or 12 
weeks; the amount of cadmium given per kg body weight, 
and the amount absorbed from the intestine, however, was 
unknown). It is possible that an increase in membrane thick- 
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ness could act to reduce the glomerular filtration rate, and 
result in the retention of cadmium, unless compensated for 
by an increased hydrostatic pressure. In short-term studies, 
it has been shown that cadmium causes a 40 % reduction in 
glomerular filtration rate 35 but whether the reduction could 
be ascribed to a change in the thixotropic nature of the 
membrane, or a redistribution of blood away from the kid- 
ney remains unexplored. In long-term studies in rats 36 treat- 
ed with a low oral dosage, a thickening in renal arterial walls 
and glomerular changes characteristic of the associated hy- 
pertension was observed, and in an EM study, the presence 
of thromboses in glomerular and peritubular capillaries, and 
collagen deposits in the glomeruli were demonstrated ~7. 
These previous studies appear to give support to the possibil- 
ity of retention not only of the pollutant, but also of fluid, the 
latter leading to oedema, a condition observed in cadmium- 
treated pullets in the current study. The development of 
oedema, however, was not evident in birds treated with a 
combination of cadmium and either of the chelates. 
In addition to membrane thickening in the cadmium-treated 
pullets, extensive cellular disorganisation was seen. The 
reduction in numbers of mitochondria, together with the 
presence of degenerated cristae in the remaining, somewhat 
swollen mitochondria would seriously affect those energy- 
requiring processes involved in tubular reabsorption of 
glomerular filtrands. It is likely that the cadmium displaces 
the iron moiety from metallo-flavoprotein enzymes, and in 
so doing inhibits the activity of those enzymes involved in 
ATP production. It has been pointed out that mitochondria 
that are swollen and otherwise damaged would lead to a 
depression in ATP production, inducing failure of the sodi- 
um pump at the cell membrane 29. This in turn could cause 
flooding with water, and may partly explain the pronounced 
vacuolation of  the cytosol and dilatation of the ER observed 
in cadmium-treated individuals, and the fluid accumulation 
noted at autopsy. 
It is known that mitochondrial swelling can be of two types, 
passive (due to osmosis) and active, which is electron-trans- 
port dependent 29. The latter may be induced by various 
substances such as calcium, mercury and phosphorous ions; 
fatty acids, hydrocortisone, insulin, oxytocin, thyroxine and 

38 39 Vasopressin ' , and from various experiments it has been 
demonstrated that cadmium affects mitochondrial structure 
in mammalian and avian renal tissue 4' 12,16. It has been 
reported that in many pathological instances, it is likely that 
active swelling occurs initially, and after cell flooding, pas- 
sive swelling will ensue 29. It must be admitted, however, that 
artefactual and pathological swelling can be very difficult to 
differentiate. 
The disruption of mitochondrial activity by displacement of 
functional endogenous cations has been suggested 4~ as a 
biochemical basis for the toxic effects of cadmium on nerve 
membranes, mitochondria and kidney tubules in mammals, 
and it is known that cadmium has a greater affinity than 
calcium for phospholipid monolayers of biomembranes 41. It 
seems likely, therefore, that both structural and biochemical 
alterations result from cadmium toxicity, as has previously 
been suggested 4. It may be that the intra-mitochondrial 
granules seen in the proximal cells of birds treated with cad- 
mium alone are symptomatic of mitochondrial functional 
disruption. 
In vitro studies have revealed that certain mitochondrial en- 
zymes (such as keto-acid dehydrogenase) are inhibited by 
cadmium 42, 4-3, and it has been suggested 44 that this suscep- 
tibility to inhibition may be due to the high metal chelating 
qualities of the reduced forms of the lipoic acid coenzymes, 
which indirectly are deactivated by cadmium 45. It has been 
shown that even very small cadmium concentrations disrupt- 
ed mitochondrial function in vitro (e.g. 1.6 laM Cd ~+ causes 
50% uncoupling of succinate oxidation)46; however, 
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whether  cadmium inhibi ts  mi tochondr ia l  funct ions  in vivo 
will depend on  its intracel lular  concent ra t ion .  
In pullets t rea ted  wi th  cadm i um  and  FeEDTA,  there was 
significantly less d is rupt ion  of  cell integrity, in terms o fmi to -  
chondr ia l  number ,  damage  to E R  and  vacuola t ion,  t han  tha t  
seen in birds t rea ted  with cadm i um  alone. I t  is suggested t ha t  
the ferric moie ty  of  the EDTA salt would compete  successful- 
ly wi th  cadmium for avai lable anionic  sites on  i ron-requi r ing  
f lavo-prote in  and  o ther  mi tochondr i a l  enzymes, thereby  
protec t ing  mi tochondr i a l  activity. In  addi t ion,  the presence 
of  E D T A  would  provide  avai lable sites for  c adm i um  at tach-  
ment ,  which could facili tate excret ion of  the heavy meta l  
toxin. Provis ion of  a 'pool '  o f  i ron  could also be of  signifi- 
cance in prevent ing  the anaemia  and  reduct ion  in haemat -  
ocri t  t ha t  has  been observed no t  only in rabbi t s  3a, ra ts  47, 
growing rats  48 and  chicks 49 bu t  also in the domest ic  fowl 
exposed to i.p. injections of  1.078 mg CdZ+/kg/d  for 1 5 - 2 2  
days 5o and  in quail  fed wi th  75 mg  Cd 2 +/kg for  periods of  
1 - 4  weeks s ~. Paren te ra l  or  dietary addi t ion  of  i ron has  been 
shown t o  prevent  cadmium- induced  anaemia  in mice and  
rats  52. 
The  use of  the magnes ium chelate m ay  similarly provide  a 
pool  of  magnes ium,  which could be of  significance in main-  
ta in ing the s t ructura l  integri ty of  cell membranes .  It  has  been 
repor ted  26 tha t  such s t ructura l  integrity is f requent ly deter- 
mined  by  the presence of  metall ic ions, pr incipal ly calcium 
and  magnes ium 53.54 which are loosely bound ,  and  therefore  
potent ia l ly  displacable by o ther  cat ions (for example cadmi-  
um). 
In conclusion,  this s tudy suggests t ha t  the two chelates (ferric 
m o n o s o d i u m  and  magnes ium d isodium salts of  EDTA)  are 
effective in protec t ing  pullets f rom the effects of  cadmium 
intoxicat ion.  The mechan i sm by which the chelates exert  
thei r  protect ive  influence, however,  remains  to  be fully ex- 
plained.  
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