Glutathione-Related Detoxication Functions in Streptozotocin-Induced Diabetic Rats
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ABSTRACT.

In order to analyze the detoxication functions in rats with diabetes induced by streptozotocin, the authors administered to

the diabetic animals two drugs, ethionine and benzo(a)pyrene, which affect mainly the liver and are metabolized through a glutathione
conjugation process, and examined the changes in the content of glutathione and activities of related enzymes in the liver. In the liver of
the rats with streptozotocin-induced diabetes, the total glutathione content, glutathione S-transferase activity and glutathione-insulin
transhydrogenase activity were lower than those of normal rat livers, while the glutathione peroxidase activity showed high values.
Although specific changes in the glutathione-related detoxication functions were observed in the rats to which ethionine or
benzo(a)pyrene had been administered, these changes were not revealed under diabetic conditions. It is suggested that in diabetic rats
responses to toxic stimuli are suppressed.—KEY WORDS: detoxication, diabetes, glutathione, rat, streptozotocin.

Glutathione (GSH) plays an important role mainly in
the detoxication and metabolism as a cofactor or a
substrate of some enzymes. Glutathione S-transferases
(GST) are involved in the conjugation of various xenobio-
tics in phase II biotransformation, while glutathione
peroxidase (GSH.Px) is one of the radical scavengers
preventing oxygen toxicity and glutathione-insulin trans-
hydrogenase (GIT) catalyzes the first reaction in the
insulin degradation process [12, 15]. It is generally
recognized that the detoxication function is impaired in
diabetic animals. Hanasono et al. [6, 7] reported that the
serum glutamyl-pyruvic transaminase activity and tri-
glyceride levels were higher and glucose-6-phosphatase
activity was lower in the rats with alloxan- or streptozoto-
cin (STZ)-induced diabetes than in normal rats after
carbon tetrachloride administration, and that the toxicity
of various drugs including chloroform, trichloroethane
and galactosamine, etc. was enhanced in rats with
alloxan-induced diabetes. It was reported that the GST
activities decreased in experimental diabetic rats [1, 14].
These findings indicate that the diabetic condition may
modify the detoxication metabolism.

This study aimed at analyzing the glutathione and
glutathione-related enzymes, GST and GSH.Px, which
are associated with the detoxication functions. In addi-
tion, the activities of GIT, a putative marker of the levels
of insulin and glutathione, as suggested previously [12],
were estimated. At first, we analyzed the changes in the
glutathione-related detoxication functions in rats with
STZ-induced diabetes. Thereafter, we studied the effects
of the administration of ethionine (ET) and ben-
zo(a)pyrene (B(a)P), which are both of metabolized by
the glutathione conjugation process [2], in diabetic rats.
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MATERIALS AND METHODS

Reagents: Streptozotocin, dl-ethionine, 5,5’-dithio-bis-
(2-nitrobenzoic acid) and 1-chloro-2,4-dinitrobenzene
were purchased from Wako pure chemical industries Ltd.
Benzo(a)pyrene, reduced glutathione and glutathione
reductase were purchased from Sigma Chemical Co.
Dimethylsulfoxide was purchased from E. Merk and
cumene hydroperoxide was from Nacalai tesque. Inc.

Animals and treatments: Male F344 rats aged 7 weeks
(180-200 g B.W.) were divided into two groups of 18 rats
each. After overnight fasting, one group received strepto-
zotocin (40 mg/kg B.W. i.v.) dissolved in physiological
saline solution, and the other the saline solution only.
Every six rats of both groups were kept under observation
for 10 days and killed by bleeding under ether anesthesia
to obtain tissue samples. The other rats of both groups
were observed for a period of one week, and then they
were subjected to the intra-peritoneal administration of
two drugs, ethionine (8.7 mgkg B.W.) and ben-
zo(a)pyrene (20 mg/kg B.W.). The drugs were dissolved
in dimethylsulfoxide. On the third day after the adminis-
tration of the drugs, tissue samples were collected.

Preparation of tissue samples: Animals which fasted
over night were bled under ether anesthesia. Serum and
liver were collected for analysis. Liver was perfused in situ
to avoid blood contamination. Serum was used for the
estimation of the blood glucose and insulin contents, and
liver for the determination of the glutathione content and
for enzyme assays.

The liver was homogenized with a 0.25 M sucrose
solution. Homogenate was centrifuged at 9,000 Xg for 15
min to obtain the postmitochondrial fraction (PF). PF was
centrifuged at 105,000 X g for 60 min to obtain the cytosol.
GIT activity was estimated with the PF. Total and
oxidized glutathione contents while the activities of GST
and GSH.Px were measured with cytosol.

Analysis: Blood glucose and insulin contents were
determined using kits, Glucose C-test Wako (Wako Pure
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Chemical Industries Ltd.) by enzymatic method and
Insulin EIA kit “MITSUI” II (Kainosu Co., Ltd.) by the
enzyme immunoassay, respectively.

Protein content of the tissue samples was measured by
the method of Lowry et al. using bovine serum albumin as
the standard [9].

The amounts of total and oxidized glutathione were
assayed by the method of Grifith [5]. GST activities were
determined by the method of Warholm ez al. [16] with
1-chloro-2,4-dinitrobenzene (CDNB) as a substrate.
GSH.Px activity was measured by the method of Jensen
and Clausen [8] with hydrogen peroxide and cumene
hydroperoxide as substrates. The activity of hydrogen
peroxide as a substrate expresses the selenium-dependent
activity. The activity of cumene hydroperoxide expresses
both the selenium-dependent and independent activities.
The selenium-independent activity is one of the isozymes
of GST. GIT activity was estimated by the HPLC method
previously reported [12].

Statistics: Data were analyzed with Tukey’s multiple-
range test.

RESULTS

At first, the changes in the glutathione-related detoxica-
tion functions in the rats with STZ-induced diabetes were
analyzed. Blood glucose level was significantly higher in
the STZ-treated group than in the control group which
received a physiological saline solution only (Table 1). In
contrast with blood glucose, the serum insulin level was
lower in the STZ-treated group (24.7+11.1 pIU/dI, Table
1). These results indicated that the STZ treatment induced
diabetes mellitus in these rats which displayed typical
symptoms consisting of polydipsia, polyuria and glyc-
osuria.

In these diabetic rats, the content of total and oxidized
glutathione in the cytosol, cytosolic activities of GST and
GSH. Px, and GIT activity in PF were measured. In the
diabetic rats, the total glutathione content remarkably
decreased, while the content of oxidized glutathione
(GSSG) did not change appreciably (Fig. 1, Cont). GST
activity (Fig. 2, Cont) and GIT activity (Fig. 3, Cont) were
significantly lower than those in the untreated group,
while the GSH.Px activities with hydrogen peroxide and

Table 1. Levels of blood glucose and insulin

Treatment Blood glucose Insulin

) (mg/d) ( IU/Mml)

Ethionine, Diabetic 26421029 25.5+ 5.2":0"
Ethionine, Nondiabetic 149+ 119 1373&97.3“’)
Benzo(a)pyrene, Diabetic 3824119 15.9+ 8.9
Benzo(a)pyrene, Nondiabetic 150+ 99 34.5+30.3°)
Diabetic 508+ 467 24.7+11.1°)
Control 177+ 129 97.1+41.9*)

a), b),c),a’),b’), c'’) The same superscripts indicate that there is
no significant difference among the groups. Data are expressed as
mean=*SD.
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Fig. 1. Total and oxidized glutathione content in rat liver.

A: total glutathione content. B: oxidized glutathione
content. Dotted columns indicate the diabetic groups.
Open columns indicate the nondiabetic groups. ET:
ethionine-treated groups. B(a)P:benzo(a)pyrene-treated
groups. Cont: groups which did not receive ET or B(a)P.
The same superscripts indicated the absence of significant
difference among the groups.
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Fig. 2. Glutathione S-transferase activity in rat liver. Activ-
ity was estimated with 1-chloro-2,4-dinitrobenzene as a
substrate. Dotted columns indicate the diabetic groups.
Open columns indicate the nondiabetic groups. ET:
ethionine-treated groups. B(a)P: benzo(a)pyrene-treated
groups. Cont: groups which did not receive ET or B(a)P.
The same superscripts indicate the absence of significant
difference among the groups.

cumene hydroperoxide as substrates were higher (Fig. 4,
Cont).

Subsequently, we investigated the changes in the
glutathione-related detoxication functions in nondiabetic
rats subjected to administration of the two drugs, ET and
B(a)P. In the drug-treated nondiabetic rats, the blood
glucose levels did not show significant changes compared
with the control (Table 1). Although the serum insulin
level in the ET-treated rats was higher, and level in
B(a)P-treated rats was lower than in the control rats, the
changes were not significant (Table 1). The total glu-
tathione content decreased in the B(a)P-treated rats and
the oxidized glutathione content increased in the ET-
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Fig. 3. Glutathione-insulin transhydrogenase activity in rat

liver. Dotted columns indicate the diabetics groups. Open
columns indicate the nondiabetic groups. ET: ethionine-
treated groups. B(a)P:benzo(a)pyrene-treated groups.
Cont: groups which did not receive ET or B(a)P. The same
superscripts indicate the absence of significant difference
among the groups.
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Fig. 4. Glutathione peroxidase activity in rat liver. A:
activity with cumene hydroperoxide as a substrate. B:
activity with hydrogen peroxide as a substrate. Dotted
columns indicate the diabetic groups. Open columns
indicate the nondiabetic groups. ET: ethionine-treated
groups. B(a)P: benzo(a)pyrene-treated groups. Cont:
groups which did not receive ET or B(a)P. The same
superscripts indicate the absence of significant difference
among the groups.

treated rats (Fig. 1). The GST activity decreased but the
changes were not significant (Fig. 2). The GIT activity
decreased remarkably (Fig. 3). Although the GSH.Px
activity with hydrogen peroxide as a substrate did not
exhibit any significant changes, that with cumene hy-
droperoxide as a substrate increased in the ET-treated rats
and decreased in the B(a)P-treated rats (Fig. 4).

Finally, we studied the additional effects of toxic
stimulation through the administration of ET or B(a)P on
the glutathione-related detoxication functions in the rats
with STZ-induced diabetes.

The levels of blood glucose and serum insulin are shown
in Table 1. Although similar changes were observed in the
diabetic rats and in the drug-treated diabetic rats, the
blood glucose level in the drug-treated diabetic group was

lower than that in untreated diabetic group. These results
suggested that the two drugs did not affect the severity of
diabetes.

Figure 1 shows the contents of total and oxidative
glutathione. Although the B(a)P-treated diabetic group
showed a slight decrease in the total glutathione content,
the decrease was not as pronounced as that recorded in
the B(a)P-treated nondiabetic group. The GSSG content
in the ET-treated diabetic group did not change, whereas
a significant increase was observed in the ET-treated
nondiabetic group.

The GST activity did not show significant alterations in
both groups of diabetic and nondiabetic rats in the case of
B(a)P and ET administration, while a significant decrease
was observed in the diabetic rats without drug administra-
tion (Fig. 2).

Figure 3 shows the GIT activity. In the diabetic rats
which received the drugs, the GIT activities were remark-
ably decreased, compared with the normal control rats.
However, no additional changes were observed in the
diabetic groups which received the drugs compared to
nondiabetic groups which received the drugs.

Figure 4 shows the GSH.Px activities. The activity
determined with cumene hydroperoxide as a substrate
increased in the B(a)P-treated diabetic group, although no
change was observed in the B(a)P-treated diabetic group.
The activity determined with hydrogen peroxide as a
substrate tended to increased in the B(a)P-treated diabetic
group, while it decreased in the B(a)P-treated nondiabetic
group. These changes were similar to those in diabetic
rats. The ET-treated diabetic group did not show appreci-
able changes nor did the nondiabetic group.

DISCUSSION

STZ-induced diabetes mellitus affected the levels of
glutathione and activities of related enzymes. The total
glutathione content and the GST activity decreased,
whereas the GSH.Px activity increased. Various abnor-
malities of the metabolism, e.g. hyperglycemia, disorders
of lipid metabolism or inhibition of protein synthesis have
been reported under STZ-induced diabetic conditions {10,
11]. Liver, the major organ of metabolism, is directly
affected by these dysfunctions, especially in terms of
inhibition of protein synthesis. The decrease in the total
glutathione content and GST activity in the liver may be
attributed to such liver disorders. On the other hand, it is
known that oxidative stress increases under diabetic
conditions. Sato et al. [13] reported that the thiobarbitu-
rate value increased in diabetic patients. The increase in
the activity of GSH.Px, which is conspicuous in selenium-
dependent enzymes (compare Fig. 4A and 4B), could be
one of the protective responses against oxidative stress.

The effect of the administration of ET and B(a)P in
addition to the STZ-treatment on the responses of the
diabetic rats is difficult to interpret. It was anticipated that
the response in the drug-treated diabetic rats would be
enhanced compared with the response of the drug-treated
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nondiabetic rats. The three diabetic groups showed similar
changes in the levels of glutathione and related enzymes.
It appeared that the effects of drug administration were
not obvious when the STZ treatment was carried out,
although the two drugs used in this study exhibited
different effects. For example, although the administra-
tion of ET resulted increase of the GSSG content in
nondiabetic rats, such an increase was not observed in the
ET-treated diabetic rats. The total glutathione content
decreased in the B(a)P-treated nondiabetic group, while
in the B(a)P-treated diabetic group, these changes were
alternated.

The results described above suggest that standard
responses against drugs could not be elicited in the
animals with STZ-induced diabetes and that the biotrans-
formation process through GST and protective action
against oxygen toxicity through GSH.Px, glutathione
related detoxication functions, were impaired.

The levels of cytochrome P-450, a series of enzymes in
the phase I biotransformation, are reduced or the isozyme
composition are altered in diabetic animals 3, 4]. These
changes could partially account for the different responses
to drugs between the diabetic animals and the nondiabetic
ones. Similarly, a change in the composition of GST,
corresponding to the phase II enzymes of biotransforma-
tion may occur and be related to these responses.
However, these assumptions remains to be verified.

We measured GIT activity as a marker of both the
glutathione-related detoxication functions and insulin
metabolic state. There was no significant difference
between the diabetic and nondiabetic groups in the
presence of toxic stimulus, although a decrease of the
activities was conspicuous after treatment with each drug.
These results suggested that the factor which controls the
GIT activity is not confined to the insulin level, although
the GIT activity decreased in the diabetic rats.

REFERENCES

1. Carnovale, C. E., Monti, J. A., and Carrillo, M. C. 1990.
Possible role of insulin on glutathione S-transferase activi-
ties from different tissues of male rats. Can. J. Physiol.
Pharmacol. 68: 170-173.

2. Chasseaud, L. F. 1979. The role of glutathione and
glutathione S-transferases in the metabolism of chemical
carcinogens and other electrophilic agents. pp. 175-274. In:
Adv. Cancer Res., vol. 29, Academic Press, New York.

10.

11.

12.

13.

14.

15.

16.

Favreau, L. V. and Schenkman, J. B. 1987. Decrease in the
levels of a constitutive cytochrome P-450 (RLMS) in hepatic
microsomes of diabetic rats. Biochem. Biophys. Res.
Comm. 142: 623-630.

Favreau, L. V. and Schenkman, J. B. 1988. Composition
changes in hepatic microsomal cytochrome P-450 during
onset of streptozotocin-induced diabetes and during insulin
treatment. Diabetes 37: 577-584.

Grifith, O. W. 1980. Determination of glutathione and
glutathione disulfide using glutathione reductase and 2-
vinylpyridine. Anal. Biochem. 106: 207-212.

Hanasono, G. K., C6té, M. G., and Plaa, G. L. 1975.
Potentiation of carbon tetrachloride-induced hepatotoxicity
in alloxan- or streptozotocin-diabetic rats. J. Pharmacol.
Exp. Ther. 192: 592-605.

Hanasono, G. K., Witschi, H., and Plaa, G. L. 1975.
Potentiation of the hepatotoxic responses to chemicals in
alloxan-diabetic rats. Proc. Soc. Exp. Biol. Med. 149:
903-907.

Jensen, G. E. and Clausen, J. 1981. Glutathione peroxidase
activity in vitamin E and essential fatty acid-deficient rats.
Ann. Nutr. Metab. 25: 27-37.

Lowry, O. H., Rosenbourg, N. J., Farr, A. L., and
Randall, R. J. 1951. Protein measurement with the folin
phenol reagent. J. Biol. Chem. 193: 265-275.
Mansford, K. R. L. and Opie, L. 1968. Comparison of
metabolic abnormalities in diabetes mellitus induced by
streptozotocin or by alloxan. Lancet 1: 670-671.

Pain, V. M. and Garlick, P. J. 1974. Effect of streptozotocin
diabetes and insulin treatment on the rate of protein
synthesis in tissue in the rat in vivo. J. Biol. Chem. 249:
4510-4514.

Saito, N., Yamanaka, H., and Nagasawa, S. 1991. A novel
HPLC method for glutathione-insulin transhydrogenase
assay using fluorescence labeled insulin. J. Ver. Med. Sci.
53: 14,

Sato, Y., Hotta, N., Sakamoto, N., Matsuoka, S., Ohishi,
N., and Yagi, K. 1979. Lipid peroxide level in plasma of
diabetic patients. Biochem. Med. 21: 104-107.

Thomas, H., Schladt, L., Knehr, M., and Oesch, F. 1989.
Effect of diabetes and starvation on the activity of rat liver
epoxide hydrolase, glutathione S-transferases and perox-
isomal beta-oxidation. Biochem. Pharmacol. 38: 4291-4297.
Varandani, P. T. 1972. Insulin degradation. 1. Purification
and properties of glutathione-insulin transhydrogenase of
rat liver. Biochim. Biophys. Acta 286: 126-135.
Warholm, M., Guthenberg, C., von Bahr, C., and Manner-
vik, B. 1985. Glutathione transferases from human liver.
pp. 499-504. In: Methods in Enzymology, vol. 113,
Academic Press, New York.

NII-Electronic Library Service





