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Acute poisoning with acrylates (acrylamide and acrylonitrile) was associated with
damage to erythrocyte membranes: early stages of acrylamide poisoning were charac-
terized by impairment of the acid resistance of erythrocytes, while later terms of acrylate
intoxication were accompanied by condensation of erythrocyte membranes. Activation
of lipid peroxidation in blood plasma and erythrocytes was observed during the early
stage of intoxication, while at later terms LPO intensity in erythrocytes decreased.
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Industrial monomers acrylamide (AA) and acrylo-
nitrile (AN) are used in various branches of industry
[1,2]. The pathochemical mechanisms for the action
of these industrial poisons on human organs and sys-
tems were extensively studied over the last decades.

Here we studied the effect of acute intoxication
with acrylates on the erythrocyte membrane. The
state of erythrocyte membranes is a nonspecific
integral criterion for the effect of membrane toxins.
This criterion reflects the state of biomembranes in
various organs and tissues [4,7].

MATERIALS AND METHODS

Experiments were performed on male outbred rats
weighing 150-200 g. AA and AN were injected intra-
peritoneally in single doses of 1.4 and 0.76 mmol/kg,
respectively. A hepatotropic poison CCl4 (model com-
pound) was injected intramuscularly in a dose of 0.16
ml per 100 g body weight. The state of erythrocyte
membranes was studied by the method of acid ery-
thrograms [3] using a computer system. HCl (0.002

M) served as a hemolytic. The study was performed
at 24oC. The maximum rate of hemolysis was esti-
mated by the most significant difference between op-
tical densities of the solution (2 successive time points
after addition of the hemolytic administration).

The study of erythrocyte hemolysis in hypo-
smotic medium was performed after acute poiso-
ning of rats with AA, AN, and CCl4 as described
previously [9]. The percentage of erythrocyte hemo-
lysis was calculated. Optical density of complete
hemolysis was taken as 100%. The intensity of lipid
peroxidation (LPO) in biomembranes was estimated
by accumulation of malonic dialdehyde (MDA) in
the plasma and erythrocytes [8]. The concentration
of erythrocyte hemoglobin was measured by the
hemiglobincyanide method [6]. The results were
analyzed statistically. The data were expressed as
M±m. The significance of differences was evalua-
ted by Student’s t test (Microsoft Excel software).
The differences were significant at p<0.05.

RESULTS

Hemolytic resistance of erythrocyte decreased in
rats with AA poisoning, which is seen from shorter
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time of attaining the maximum hemolysis rate (3 h
after poisoning). This parameter in control and AA-
poisoned rats was 4.4±0.3 and 3.4±0.2 min, re-
spectively (p<0.01). This period corresponds to in-
jury of biological membranes in hepatocytes after
AA poisoning [5].

The time-effect relationship was evaluated to
study the pathogenesis of AA-induced damage. The
concentration of MDA (end product of LPO) was
measured in various periods after monomer admini-
stration.

MDA concentration in the plasma and erythro-
cytes increased 1 and 3 h after AA injection, re-
spectively (Table 1).

The state of erythrocyte membranes in hypo-
smotic medium after intoxication with AA and AN
was compared to that observed in experiments with
hepatotropic necrosis-inducing poison CCl4. The study
was performed 24 h after CCl4 administration, which
corresponded to the decrease in blood MDA con-
centration during intoxication with AA (Table 1)
and AN and inactivation of liver-specific fructose

monophosphate aldolase under conditions of acute
acrylate poisoning [5].

Erythrocyte resistance in hyposmotic medium
increased under all experimental conditions. The
degree of hemolysis in hyposmotic solution was the
following: control, 44.3±2.5%; AA, 37.7±2.0% (p<0.05);
AN, 34.2±3.0% (p<0.01); and CCl4, 26.1±3.0% (p<0.05).
The rats receiving acrylate and CCl4 significantly
differed from control animals.

The time-effect relationship was estimated from
the intensity of LPO in the blood after intoxication
with AN and CCl4. MDA accumulation in blood
plasma of rats increased 3 h after CCl4 injection
(Fig. 1). Similar changes were observed 6 h after
AN administration and persisted until the end of the
study (Fig. 1). MDA concentration in erythrocytes
of treated rats did not increase compared to the
control (Fig. 1).

Our results indicate that changes in physico-
chemical characteristics of biological membranes,
decrease in erythrocyte acid resistance, and activa-
tion of LPO are observed at the early stage after
administration of AA and structurally similar AN.
These changes are accompanied by a decrease in
erythrocyte count and accumulation of LPO pro-
ducts in erythrocyte membranes. Our previous stu-
dies showed that LPO plays a role in the patho-
genesis of acrylate intoxication [5]. However, ery-
throcyte resistance in hyposmotic NaCl solution
increases during the late stage of acrylate poisoning
(24 h after treatment). These changes are typical of
CCl4 poisoning. Similar changes in erythrocyte re-
sistance were revealed during viral hepatitis, intra-
hepatic cholestasis, and intoxication with struc-
turally different hepatotropic poisons [7]. It may be
suggested that intoxication with AA and AN is

TABLE 1. Effect of Acute Poisoning with AA on MDA Con-
centration in Rat Blood (M±m)

Control 10.0±1.0 0.24±0.05

1 15.7±0.6* 0.34±0.03

3 16.3±2.5* 0.38±0.03**

12 9.3±1.2 0.20±0.01

24 10.9±1.0 0.40±0.11

Note. *p<0.05 and **p<0.01 compared to the control.

Time after AA
injection, h

MDA concentration,
nmol/mg erythro�
cyte hemoglobin

MDA concentration,
nmol/ml plasma

Fig. 1. Effect of acute poisoning with AN (light bars) and CCl4 (dark bars) on MDA concentration in rat plasma (a) and erythrocytes (b).
C, control. *p<0.001 compared to the control.
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followed by liver disorders and condensation of
erythrocyte membranes. These changes probably
result from cholesterol accumulation due to liver
dysfunction [7].
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