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CORRECTION OF GLUTATHIONE METABOLISM IN THE LIVER OF ALBINO RATS
AFFECTED BY LOW RADIATION DOSES
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Abstract - The levels of total glutathione GSH, GSSG and the activities of glutathione
reductase and glutathione peroxidase were studied in the liver of adult albino rats subjected to
3-fold external y-irradiation throughout 2 weeks at the overall dose of 0.75 Gy after 15 h, 2
and 5 days from the last irradiation. Some animals were injected intraperitoneally with the
pantothenate containing complex «pankan> 3 times on days 1-3 before the irradiation. The
radiation related decrease of GSH, GSH/GSSG and the total glutathione level was prevented
by the prophylactic administration of the complex and probably at the expense of the activation
of the G-SH biosynthesis and/or transport in the liver by the Co A biosynthetic precursor.

Glutathione-SH (GSH) and its metabolic enzymes play a key role in formation of cell
effect under conditions of radiation [1-3]. The significance of this component of protection
against free radicals is also evident in irradiating biological objects by low doses. The situation
is similar to that observed on the territory of the regions of Belarus suffered from the
Chernobyl accident [4]. Search for the ways of the GSH system metabolic correction under
conditions of radiation effect is an important element of maintaining homeostasis and
prevention of consequences of the radiation factor. In previous works [5-6] we showed that
initiation of lipid peroxidation can be prevented by using such nonantioxidative factor as
pantothenic acid.

Further studies showed that the biochemical mechanism of the above effect is enhanced
CoA biosynthesis and increased GSH intracellular level [6-8]. In the present work we studied
the efficiency of the pantothenate-containing complex «pankan> in prevention of disturbances
in glutathione metabolism in the liver of albino rats subjected to prolonged effect of y-
irradiation at the overall dose of 0.75 Gy.

Materials and Methods

Albino heterogeneous stock rats weighing 160±10 g were used which were irradiated
with y-quanta at a dose of 0.25 Gy at a power of 0.00792 Gy/sec (overall dose was 0.75 Gy).
One group of animals received as intraperitoneal injections the original provitamin complex
«pankar» including panthenol (D(-)-panthenol, the substance was a generous gift of Hofrmann-
La-Roche, Switzerland). After 15 h, 2 and 5 days following the last injection the liver
homogenized in ice-cold sucrose medium (0.25 sucrose in 10 mM Tris buffer and 1 mM
EDTA and 0.1% Triton X- 100, pH 7.4) was used. The resulting homogenate was centrifuged
at 8000 g for 5 min and applied for the enzyme assay: glutathione peroxidase (GP) and
glutathione reductase (GR) were assayed at 37°C. The units of enzyme activity were calculated
using a millimolar extinction coefficient of 6.22 mM^-crn'1 for NADPH [9, 10]. GSH and
GSSG were assayed enzymatically [11] and by a reaction with dinitrobenzoic acid [12]. The
total levels of glutathione and GSH/GSSG ratio were calculated from the data of analytical
determination of oxidized and reduced glutathione.
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Results and Discussion

The experimental results presented in Table 1 show that the level of liver GSH tended
to decrease throughout all the three observation periods following the irradiation of the
experimental animals. The most significant decrease of the parameter (by 28.2%) was found by
the 15th h following the last irradiation. The GSSG level was simultaneously increased by over
2.5 - fold. The most evident cause for the above effects is radiation-induced formation of free
radicals and consumption of GSH for their detoxication [13], which is confirmed by the
glutathione peroxidase activation observed. The process of GSH regeneration from GSSG in
the glutathione reductase reaction does not provide for homeostasis of the glutathione system
under these conditions, moreover, by the 48th h of the experiment the enzyme activity turned
out to be decreased by 29.6% (see Table 1). In addition, by the 15th h the total glutathione
(GSH+GSSG) level was significantly decreased (by 21.8%), which suggests accompanying
disturbance in the processes of biosynthesis or transport of the tripeptide in the cell [14].

The pantothenate-containing complex used by us as a prophylactic turned out to be
extremely effective in prevention of all the above changes occurring in the system of liver
glutathione during the long-term action of y-irradiation. The exception was the retaining
activity of glutathione peroxidase (see Table 1). The facts of the complete GSH/GSSG ratio
reduction throughout the experimental period and the considerable increase of this parameter
observed at the crucial period Oudging from the decreased glutathione reductase activity) after
48 h following the last irradiation of the experimental animals should be especially emphasized,
(see Fig. I). It is within this period that significant increases of both the levels of GSH and the
total glutathione above the normal values were found (see Table 1). It may be suggested that
the mechanism of realization of the pantothenate-containing complex protective effect was
stimulation of GSH biosynthesis and/or transport into hepatocytes.

Table 1. Activities of glutathione reductase (NADPH/min-mg protein), glutathione
peroxidase (u.mol GSH/muvmg protein) and glutathione level (umol/g tissue) in the liver of
control (1), irradiated (2) and protector complex-treated rats (3)
Parameters,
experimental period

GR
GP
GSH
GSSG
GSH+GSSG

GR
GSH
GSSG
GSH+GSSG

GR
GSH
GSSG
GSH+GSSG

1

15
37.98±4.31
6.07±0.46
5.05±0.07
0.20±0.02
5.27±0.06

2
31.45±1.21
5.25±0.32
0.19±0.01
5.47±0.29

5
31.15±1.15
5.25±0.32
0.19±0.01
5.47±0.29

h o u r

d a y s

d a y s

2

s
39.30±1.18
8.06±0.11*

3.60±0.108*
0.54±0.05*
4.12±0.09*

22.10±1.39*
4.36±0.26*
O.56±O.O3*
4.92±0.28

28.03±2.10
4.16±0.36*
0.52±O.O5*
4.70±0.30

3

34.00±2.45
8.29±0.17*
4.97±0.11@
0.22±0.03@

5.20±0.08@

29.87±0.35@

6.63±0.48*@

0.16±0.01@

6.70±0.36*@

31.02±1.44
5.48±0.27@

0.20±0.02@

5.60±0.21
Note: coefficient of significance of differences (P<0.05) compared to Group 1*, Group 2 - ®

As is known in the liver pantothenic acid is rapidly transformed to CoA [15], with 40%
of the cellular pool being formed by symmetric and mixed with glutathione disulfide.
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Fig. I. Time course of GSH/GSSG in irradiated (A—A) and protective complex-treated
animals (o—o). GSH/GSSG control ratio - 27.82±1.82

The latter was found in the liver in the amount of 36-41 nmol/g [16] and plays an important
role in regulation of the activity of the key enzyme of Co A biosynthesis - pantothenate kinase
[17]. This fraction of glutathione disulfides contributes insignificantly to its overall metabolism
and realization of the activities of pantothenate-containing compounds during radiation. The
effect of pantothenates on the transport system of GSH and its conjugates should be
considered to be more realistic, which has already been confirmed by the experimental model
of oxidative damage of erythrocyte membranes [18].
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