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The level of lipid peroxidation products and the content of glutathione in
erythrocytes of rats with Morris 5123 hepatoma at different stages of tumor
development were examined. The content of endogenous malondialdehyde
(MDA) was increased throughout all periods of tumor development as com-
pared to the results for healthy rats. From the extent of MDA generation under
oxidative stress we concluded that erythrocytes of Morris 5123 hepatoma
bearing rats were more susceptible to autoxidation than those from conirol
rats. The content of reduced glutathione (GSH) and oxidized glutathione
(GSSG) was increased at the early stage of tumor growth. At the advanced stage
of the disease both the content of GSH and the GSH/GSS( ratio were decreased
while the content of GSSG remained at the elevated level.

The development of neoplastic disease is
accompanied by increased levels of free radi-
cals within cells, among them within eryth-
rocytes, which eventually can lead to their
destruction [1]. Erythrocytes are known to be
exposed to high concentrations of oxygen and
its reduction products. Free oxygen radicals
and hydrogen peroxide, when present at con-
centrations exceeding physiological values,
can cause damage to cellular membranes by
oxidation of polyunsaturated fatty acids.
They can also damage membrane proteins,
mainly by oxidation of their thiol groups [2].

The glutathione redox system is one of the
most important intracellular antioxidant
system. The objective of this study was to
determine the impact of an experimental
neoplastic disease on lipid peroxidation and
on glutathione content in red blood cells
(RBC).

MATERIAL AND METHODS

Buffalo rats about 10 weeks of age were
used in the experiments. Homogenized Mor-

Abbreviations: GSH, reduced glutathione; GSSG, oxidized glutathione; MDA malondialdehyde; RBC,

red blood cells.
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ris hepatoma 5123 tissue was injected bilat-
erally into their thigh muscles. The com-
pounds to be evaluated were measured on the
10th and 20th day after tumor transplanta-
tion in erythrocyte suspension prepared ac-
cording to Stocks et al. [3]. The results were
compared with those obtained for control,
healthy rats of matched age.

The susceptibility of erythrocyte lipids
to autoxidation (peroxidation potential) was
assayed by the method of Stocks et al. [3] by
addition of hydrogen peroxide solution to
erythrocyte suspension and measuring the
MDA level after 2 h.

Endogenous malondialdehyde content
of erythrocyte suspension for control rats and
for rats on the 10th and 20th day after tumor
transplantation was measured spectro-
photometrically as described by Stocks et al.
[3].
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Malondialdehyde determination has
showed that in animals with the trans-
planted tumor tissue the contents of both the
endogenous MDA and MDA formed during in
vitro treatment with hydrogen peroxide for 2
h were increased 10 days after transplanta-
tion of neoplastic cells (Table 1), and re-
mained high till the 20th day of experiment.
These results show that RBC of neoplastic
rats are more susceptible to lipid peroxida-
tion.

Erythrocyte GSH and GSSG contents and
the GSH/GSSG ratio of control rats and from
rats with Morris hepatoma are shown in
Table 2. On the 10th day after tumor trans-
plantation the contents of GSH and GSSG
were raised in erythrocytes of rats with neo-
plastic disease. However, the GEH/GSS5G ra-
tio did not change. On the 20th day of hepa-
toma growth, the level of reduced glutathione

Table 1. The effect of Morris hepatoma 5123 on the levels of endogenous malondialdehyde (MDA}

and susceptibility of red blood cell (RBC) lipids to autoxidation (peroxidation potential)

Endogenous malondialdehyde Peroxidation potential
nmal MDAS
nmol/ml RBC nmol/g Hb ml RBC nmol MDAz Hb
Control animals 0.5+ 0.02 12401 172 + 10 465+ 16
10 Days after tumor transplantation 0.8 = 0.06 24+0.1" 219 + 16" 712 + 30°
20 Days after tumor transplantation 1.0 £ 0.06" 3.2+0.1" 242 + 16° 808 + 42"

" Significantly higher (P < 0.01) than for control rats.

Reduced and oxidized glutathione con-
centrations in erythrocytes were measured
spectrophotometrically according to Ander-
son [4].

For the experiments, groups of 6 animals
each were used. The results were evaluated
statistically by means of the Student's {-test;
mean values are presented together with
standard deviations (+S.D.).

RESULTS AND DISCUSSION

The results obtained point to differences in
the contents of endogenous MDA, glu-
tathione and susceptibility of RBC lipids to
autoxidation between rats with a neoplastic
disease and healthy animals.

decreased even below control values while
the level of oxidized glutathione remained
increased. The GSH/GSSG ratio in erythro-
cytes of tumor-bearing rats was significantly
decreased on the 20th day after tumor trans-
plantation.

Our earlier studies on the effect of experi-
mental neoplastic disease on the structure of
erythrocytes demonstrated changes in the
lipid and carbohydrate composition of RBC
membranes [5, 6]. Erythrocyte membranes
from tumor-bearing rats had a lower content
of cholesterol than those from control rats. The
phospholipid content of the membranes was
similar to that of the control group. The molar
ratio of cholesterol to phospholipid was signifi-
cantly decreased (from 1.03 down to 0.70) both
10 and 20 days after transplantation.
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Table 2. The effect of Morris hepatoma 5123 on the levels of reduced (GSH) and oxidized (GSSG)
glutathione and their molar ratios in red blood cells (RBC)

Reduced glutathione Oxidized glutathione
GSH/GSSG
pn&uﬂi.::m] umol/g Hb nuﬁ;lgnl amol/g Hb ratio
Control rats 15201 44+0.1 97.0+51 2788+122 157+16
10 Days after tumor transplantation 1901  53+02° 1162+£4.0° 317.0:78" 165209
20 Days after tumor transplantation L0+ 01" 34+01° 1263+51° 4174+86° B80+02°

“Significantly less (P < 0.01) than for contral rats. bSignificantly higher (F < 0.01) than for control rats.

The abnormal increase of endogenous MDA
and MDA after 2 h under oxidative stress in
RBC of rats with a neoplastic disease could
be the result of a high initial unsaturated
lipid peroxidation or an impairment of anti-
oxidant protective mechanisms. Increased
lipid peroxidation in RBC during the neo-
plastic disease can reflect a shift in the deli-
cate balance that normally exists between
free radical production and the antioxidant
defense systems. Glutathione plays an im-
portant role in the protection of cells against
oxidation by free radicals and reactive oxy-
gen intermediates [7]. The concentration of
(GSH in tissues is dependent on both its
synthesis and regeneration. Glutathione re-
ductase and glatathione peroxidase play the
most important roles in regulating GSH and
(385G concentrations. Changes of GSH and
GSSG levels in RBC of rats with Morris
hepatoma 5123 were accompanied by chan-
ges in activities of glutathione reductase and
glutathione peroxidase [8]. Similar observa-
tions were made by Gonzales et al. [9].

Our results support the view that the neo-
plastic disease is not limited to tissues di-
rectly attacked by the tumor but evokes a
number of changes in other organs and tis-
sues, as exemplified by erythrocytes.
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