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SUMMARY: In order to investigate the effects of cadmium induced lipid peroxidation on red blood cell
membrane this experimental study was undertaken. Rats were given drinking water containing 15 ppm CdCl,
for 30 days and the fragility of red blood cells obtained from cadmium exposed rats were compared with those

Despite the fact that obvious cadmium induced lipid peroxidation as indicated by increased blood TBARS,
elevated phospholipids and protein contents of red blood cell membrane there was no significant changesin the

This unaltered red blood cell fragility suggested us that red blood cell membrane is more resistant to perox-
idative stress than other cells and this resistance seems to be helpful in the maintenance of tissue oxygenation.

INTRODUCTION

Cadmium is an extremely toxic environmental and
industrial pollutant having a long half life in humans. It
has been demonstrated that cadmium induces several
alterations in the tissues of laboratory animals and
humans (1). Mechanisms of cadmium toxicity remain
incompletely understood, but elevated lipid peroxida-
tion in tissues is observed soon after exposure to cad-
mium (2-4). There also is a positive correlation
between cadmium intake and the cell injury. It is
believed that lipid peroxidation is an early and sensitive
reaction to cadmium exposure.

It is known that membrane lipids by interacting with
proteins lead to changes in membrane functions which
is operated mainly by proteins. These variations in the
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structure of membrane lipids producing on the other
hand changes in cellular membrane fluidity and/or per-
meability (5,6). Therefore it is natural to expect that
cadmium induced lipid peroxidation disturbs membrane
integrity as well as cell functions. Membrane integrity is
very important for the function of all cells in the body,
but it must have a vital importance for red blood cells
which carry 200 or 300 million molecules of hemoglobin
in each one (7). For normal tissue oxygenation, iron
atoms in hemoglobin molecules must be protected from
oxidative stress and this protection requires a normal
red blood cell membrane, a leakage of hemoglobin into
plasma, a tendency of intravascular hemolysis and a
deficiency in tissue oxygenation would occur.
However, despite the above mentioned evidence of
cadmium induced impairment in cell membranes, the
number of studies concerning its effects on red blood
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cell membrane is limited. Garty et. al. in their in vitro
experiment showed that cadmium uptake into red blood
cells was a non-saturable metabolically derived energy
independent and a temperature sensitive process (8).
However, during our previous experimental studies (9-
12) despite the evidence of cadmium toxicity mainly in
kidney, any evidence indicating a tendency to hemoly-
sis of red blood cells in cadmium exposed rats has not
been observed. Lack of sign related with a tendency to
hemolysis conflicted with the cadmium induced perox-
idative damage observed in the other organs and tis-
sues.

This discrepancy led us to wander whether there is
a difference between the sensitivity of red blood cell
membrane and other cell membranes to cadmium
induced peroxidative damage in the body. For this
reason this experimental study was carried out and the
effect of cadmium induced lipid peroxidation on red
blood cell membrane fragility was investigated.

MATERIALS AND METHODS

2,5 month old male Swiss albino rats were used in this
experimental study. 16 animals in control group were given
normal laboratory rat food containing 0.15 + 0.03 pg Cd per
gram dry weight and tap water containing 0.13 + 0.02 pg Cd
per liter, while the remaining 14 animals in the second group
received 15 ppm Cadmium Chloride (Sigma C-314) in their
drinking water for 30 days.
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On day 30 following a 16-hour fasting period all animals
were anaesthetized with urethane 1g/kg body weight i.p. and
blood samples were taken by cardiac puncture using
heparinized syringes.

After centrifugation of blood at 3000 rpm for 5 min at room
temperature, the upper plasma and buffy coat were removed
and the red cells in the pellet were washed three times with
saline and some of these cells re-suspended in the saline to
measure the fragility of red blood cells. 20 ul aliquots of the
cell suspension were added dublicately into the tubes contain-
ing buffered NaCl ranging from 0.56 to 0.2%. Following 30 min
incubation at 37°C all tubes were centrifuged and the Hemo-
globin content in the supernatant was measured by Cyan-
methemoglobin method (13).

5 ml of distilled water were added into the tube containing 1
ml of packed red blood cells and hemolized by vortexing then
these hemoliysed cells were centrifuged at 3000 rpm for 30 min
at 40°C using Kubota model 5800 refrigerated centrifuge. The
supernatants were removed by decantation and the pellets
diluted with buffered Tris HCI (pH 8.0) and centrifugation were
repeated until hemoglobin was completely removed from super-
natant. The protein content in the pellet, in the ghost diluted
with 1 ml of saline was measured using the method of Lowry
(14). Some of the pellet was extracted in 7 volume of chloro-
form/11 volume of isopropanol and after centrifugation, the lipid
containing upper phase of extracted material was decantated
into another tube and evaporated at 50°C. Then 1 ml of iso-
propanol was added into dry lipid extract and dissolved to use
the measurement of phospholipids and cholesterol content of
red blood cell membrane. The cholesterol and phospholipid
content in the membrane and plasma extracts were measured

Figure 1: Reciprocol changes of Blood Cadmium and Zinc levels (M + SD).
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by using commercially available Sclavo Kits. (Cat No 81411 and
81794 respectively) and the ratio of cholesterol to phospholipid
(C/PL) in the red blood cell membrane was estimated by using
the values obtained by above mentioned Kits.

Cadmium induced lipid peroxidation (Thiobarbituric acid
reactive substance-TBARS) was assayed by means of thio-
barbituric acid reaction in fresh red blood cells using a
homogeniser (Tri-R Stir-R model K-43) with a teflon pestle at
4°C for 1 min (15,16).

Acid washed glassware was used during cadmium and
zinc analysis using an atomic absorption spectrophotometer
(Hitachi model Z-8000 model) in heparinized blood.

Statistical analysis of the results was performed by
employing Student's t test. Data are presented as Mean+SD.

RESULTS

Blood cadmium and zinc levels: In control ani-
mals the mean blood cadmium level was found to be
1.40+1.13 pg/L whereas in the rats which received 15
ppm CdCl, containing water for 30 days, blood cad-
mium level increased significantly to 8.42+3.02 pg/L
(p<0.01). This increase in blood cadmium was associ-
ated with a significant decrease in plasma zinc levels in
cadmium exposed rats. Plasma zinc levels in control
and cadmium exposed rats were 137.16+10.87 and
105.0+22.4 pg/dL respectively (p<0.01) (Figure 1).
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The changes in red blood cell membrane: The
mean protein content in ghost of control rats was
0.810+0.255 mg/ml packed cell whereas the mean pro-
tein content of 1 ml of packed red cell membrane in
cadmium treated rats was increased significantly to
2.013£0.559 mg/ml (p<0.001).

The cholesterol content of red cell membrane
was measured as 27.8t1.4 mg/ml in control and
26.9+1.8 pg/mlin rats exposed to high cadmium con-
taining drinking water for 30 days. Membrane phos-
pholipids were also measured and found to be
9.73%£1.47 and 11.48+1.33 pg/ml in control and cad-
mium treated rats respectively (p<0.05). Because of
a significant increase in membrane phospholipids
cholesterol to phospholipid ratio in the red blood cell
membrane was estimated as 2.92+0.45 in control
animals and 2.37+0.37 in cadmium exposed rats
(p<0.05) (Figure 2).

TBARS content in the blood

The mean TBARS levels in the blood of control ani-
mals was 13.3+3.3 nmol/g hemoglobin. In cadmium
exposed animals this value increased significantly to
19.5+6.9 nmol/g Hb (p<0.05).

Figure 2: Cadmium induced changes in the components of RBC membrane (M + SD).
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Fragility of red blood cells

As seen in Figure 3 there was no significant differ-
ence between the fragility curve of red blood cell
obtained from control and cadmium exposed animals.
30 minutes incubation of red blood cells from control
animals in a buffered solution containing 0.36% of
NaCl caused a 76.97+10.90% of hemolysis while
during the incubation of cell of rats exposed to cad-
mium for 30 days resulted in 81.33+13.69% of hemoly-
sis. Difference between these two values were not
statistically significant.

DISCUSSION

Previous studies from our laboratory showed that
exposure to 15 ppm cadmium Chloride containing
drinking water for 30 days is sufficient to provide a reli-
able chronic cadmium toxicity in rats (9-12). Lack of
significant changes in either daily food intake or water
consumption of rats receiving 15 ppm Cd are compa-
rable with the results of our previous studies (12) as
well as to the mean body weight gain which displayed
no significant difference in their groups. Numerous in
vitro studies showed that cadmium has deleterious
effects on cell function. The study of Nelson et. al. (6)
who studied the effect of cadmium on phospholipid

DEMIR, ONER

metabolism in cultured bovine pulmonary artery
endothelial cells which are accepted as vulnerable to
the toxic effect of this metallic ion showed that cad-
mium causes a profound time and dose dependent
depletion of adenosine triphosphate levels in these
cells as well as inhibits the activity of arachidonyl spe-
cific acyl coenzyme A synthesis. It is also reported that
cadmium exposure results in disturbances in ATP
driven Ca transport systems in intestinal epithelium.
On the other hand the data of the present study
showed that despite the exposure of rats to 15 ppm
cadmium containing drinking water for 30 days which
is sufficient to produce Cd toxicity and hypertension as
shown previously, the same exposure time and dose of
cadmium had no effect on the fragility of red blood cell
membrane. However cadmium induced alterations in
the phospholipids and protein content of the red blood
cell membrane which are accepted normally as evi-
dence of disturbed membrane fluidity were associated
in this case with unaltered membrane fragility. A sup-
portive finding for our results comes from the study of
Garty et. al. (8) who exposed rat red blood cells to
cadmium in vitro and found that cadmium uptake by
the red blood cells occurs by passive transport and
accumulation of this metal is not dependent on meta-

Figure 3: The effect of cadmium on red blood cell fragility.
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bolically derived energy. Garty et. al. also could not
observe any tendency to hemolysis or changes in K
permeability in the membrane of cadmium exposed
cells in their study. According to above mentioned evi-
dence it was thought that the dissimilar cadmium
transport mechanism between nucleated and red
blood cell membranes can explain the different affect
of cadmium toxicity on erythrocytes and the other
nucleated cells of the body.

Zinc deficiency has been shown to inhibit Cd accu-
mulation into hepatocyte (5) and addition of zinc
reduces cadmium induced endothelial cell impairment
(17). These effects of zinc were found to be concentra-
tion dependent (8). On the other hand it has been
shown that zinc deficiency is also associated with
increased hydroxyl production as well as decreased
zinc and copper dependent SOD activity. In contrast to
hepatocyte and endothelial cells, zinc has been found
to enhance cadmium accumulation into red blood cells
(8). In our study there was no obvious changes in blood
SOD activity (data were not shown), but increased
blood cadmium levels were associated with decreased
zinc levels. Reciprocal changes of blood zinc with cad-
mium in cadmium exposed rats suggest the presence
of disbalance between oxidative and antioxidative
capacities in these animals and increased blood
TBARS which is an indicator of lipid peroxidation due to
increased free radicals was well in accordance with this
defective antioxidant capacity.

As conclusion, our data suggested that unlike the
other nucleated cells of the body, such as endothelial
and hepatocytes, red blood cells seem less sensitive to
cadmium induced lipid peroxidation despite a signifi-
cant increase in TBARS levels.

When taken into consideration the vital importance
of red blood cells in oxygen carrying capacity it is
thought that this diminished sensitivity of red blood cell
membrane against cadmium toxicity is a kind of protec-
tion and it explains why there is no obvious disturbance
in red blood cell fragility and hemolysis during our stud-

ies.
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