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The effect of insulin on the utilization of ecysteine and methionine for glutathione biosynthe -
sis in the rat liver and the possibility of preventing these changes by vitamin E and selenium
were investigated. The decrease in the glutathione concentration under the influence of in-
sulin was accompanied by a decrease in the incorporation of glycine -2-C!, administered
concurrently with L-cysteine, and of sulfur of methionine=S*? into glutathione. Vitamin E
had no effect on this action of insulin. Sodium selenite prevented both the decrease in the
glutathione level and the inhibition of incorporation of glycine~2-C, administered together
with L-cysteine, and sulfur of methionine~S*’ into glutathione.

Selenium in the form of sodium selenite stimulates incorporation of methionine-8% into glutathione
in the liver of rats [4, 5] and chickens [13] and of glycine-Z-C14 and formate-C in the rat liver [6].

The increase in the glutathione concentration under the influence of selenium in animals receiving
both DL-methionine and L-cysteine is evidence of its direct or indirect effect on the enzyme system of
glutathione biosynthesis. Vitamin E stimulates incorporation of methionine —s%% and glycine-Z—C14 into
glutathione in the rat liver, but if these substances are administered together with ballast methionine and
cysteine, characteristic differences from the action of selenium are observed [6, 7].

To continue the study of the connection between selenium and vitamin E with glutathione metabolism,
insulin was used, for insulin rapidly lowers the glutathione level in the liver [9]. The object of the present
investigation was to determine whether the decrease produced by insulin in the glutathione concentration in
the liver of rats is accompanied by changes in the incorporation of glycine—2—Cl4, administered along with
L-cysteine, and sulfur of methionine-S%° into glutathione and the extent to which vitamin E and selenium
counteract the insulin effect.

EXPERIMENTAL METHOD

Experiments were carried out on albino rats weighing 100+ 20 g. The animals were starved for 17
h before the experiment. Vitamin E (10 or 20 mg/100 g body weight) was given by gastric tube 60 min be-
fore administration of the water-soluble compound in the form of DL-a-tocophery! acetate. Insulin (¢4
units), selenium as sodium selenite (75 pg), methionine~S*® (50 ;Ci), glycine-2~C! (50 4Ci), and L-cysteine
(16 mg) were injected subcutaneously (doses are given per 100 g body weight). The animals were decapi-
tated 2 h later, and liver homogenates were prepared in 0.02 M Trilon B solution (1 :5) on ice. The gluta~
thione concentration was determined from the level of free SH=groups in a protein-free extract [11] in the
modification of Seblak and Lindsay [16].

Part of the homogenate was precipitated with ethanol and the protein-free extract after evaporation
on a water bath was subjected to paper chromatography in a system of butanol—pyridine—water (1:1:1)
[15]. The chromatograms were treated with ninhydrin (0.25% solution in acetone). The radioactivity of the
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TABLE 1. Effect of Vitamin E and Selenium on Incorporation of
Grlycine—z--c14 Administered Together with L~Cysteine into Liver
Tissue Components of Rats Treated with Insulin (mean results of
4-6 experiments)

Radiocactivity (pulses/min/ (é%gg?nﬂ;xtoon_e,
Statisti Free SH- mg tissue) oramm of ex-
Substance administered|> 2t >t groups (in rotein- fract of 20
cal index ug/g) homog- .,(E e);_ protein |mg tissue
/8 enate tfggt (pulses/min
Control v s s o s s aua Mxm 205418 217420 |11246,3|864+4,3 260447
Insulin , s suvvvws M= 128413 188417 | 11047,6|77411,5| 70412,8
P <5L?01 1,0 1,0 1,0 <0,01
Insulin+vitaminE(20] Mim 12247,2 ]201+8,5]|11848,5]/83:42,2 87-3:103‘
mg/lOO g body weight) P <0,01 1,0 1.0 1,0 <0,
Insulin +Na,SeOq (75 Mxm 179410 25049 [17143,5/78:£9,8 | 229412,3
i P .0 0,2 <0,001 1,0 1,0
yg/l()Ogbody%elght) Pine <0,05 20,02 <0,001 1,0 <0,001

TABLE 2. Effect of Vitamin E and Selenium on Incorporation of
Methionine-5°° into Liver Tissue Components of Rats Treated with
Insulin (mean results of 4-7 experiments)

! Radioactivity (pulses/min/mg |Glutathione,

Statisti- Free SH- tissue) chromafto~

Substance administered . groups gram of ex-
cal index (in pg/e) homog-~ | protein- rotein fract of 20
878 cnate |free extmact | mg tlssue

(puises/min})

Control ¢ o o s v 0 v e MEtm 1458 ,3 1 446+21,9] 190%21,0 |256%14,2 730432

INSulin saeesoaca M=*m 75+4,0[ 33426 1562+20,6 182+7,5 10012
P <0,001 | <0,001 >0,2 <0,001 <0,001

Insulin + vitaminE(20 M=Em 64+4,3|379%10,2[ 19315 186:£13,5) 114=%15,5
mg/100gbody weight)| P <0,001 | <0,02 1,0 <0,01 <0,00t
Insulin +Na,8e05(T5 Mtm 102+6,9|37017,4 213+28,2 |157+18,2| 577+37
{g/100 g body weight) { 2 <0,02 | <0,02 1,0 <0,001 <0,02
L <0,05 1,0 >0,1 1.0 <0,001

spot corresponding to glutathione [8] was measured with a BFL-T-25 counter. A parallel chromatogram
was kept in contact with RM-1 x-ray film for 10 days.

The total radioactivity and the radioactivity of the protein-free extract of 1-g tissue also were deter-
mined and the radioactivity of the proteins was obtained from the difference.

EXPERIMENTAL RESULTS AND DISCUSSION

Preliminary experiments revealed a substantial decrease in the concentration of free SH~groups in
the liver of the rats after administration of insulin, as shown previously [9], and principally in SH-groups
belonging to glutathione [8]. Under these conditions incorporation of glycine-Z—CM, administered together
with L-cysteine, into glutathione was restricted. It is worth noting that insulin did not significantly change
the intake of glycine-2-C!* into the liver or its distribution between the proteins and the tissue protein-free
extract, from which it follows that insulin restricted glutathione formation. In the next series of experi~
ments the experimental animals received vitamin E or sodium selenite. Vitamin E did not alter the effect
of insulin. By contrast, sodium selenite apparently prevented the decrease in the concentration and radio-
activity of glutathione produced by insulin (Table 1). The activation of glutathione synthesis by selenium
previously described [6] was thus confirmed under new experimental conditions.

In the next experiments the effect of insulin on the conversion of methionine by demethylation and
trans-sulfonation was studied. In these experiments the animals received methionine-8%°. Unlike in the
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Fig. 1. Autoradiographs of chromatograms of protein-free
extracts of rat liver after administration of methionine-S%%:
a) control, b) insulin given; ¢) vitamin E + insulin given; d)
sodium selenite + insulin given. 1) Glutathione; 2, 3) un~
identified sulfur-containing metabolites; 4) site of localiza~

tion of methionine.

~

Fig. 2. Autoradiographs of chromato-
grams of protein-free extracts of liver
from rats treated with insulin: a)
methionine-S*® given; b) methionine -
Cl4H, given. 1) Glutathione, 2, 3) un-
identified sulfur-containing metabo-
lites; 4) site of localization of meth~
ionine; 5) end point of chromatograms.

experiments with glycine—z-C“,- insulin reduced the intake of
labeled methionine into the liver tissue (P < 0.01), and under
these circumstances incorporation into protein was reduced
with no significant decrease in the radioactivity of the pro-
tein<free extract. The radioactivity of the glutathione under
these conditions was reduced by 7 times (P< 0.001). Ad-
ministration of vitamin E did not change the effect of insulin,
while selenium largely prevented both the decrease in the
concentration of free SH~groups and the radioactivity of the
glutathione (Table 2).

Radioactive sulfur-containing metabolites of methio-
nine-S%° accumulating under the influence of insulin (Fig. 1)
consisted mainly of its demethylated products. This was
shown by comparing autoradiographs of the chromatograms
obtained from the protein-free extracts of the liver of rats
receiving methionine-S*> and methionine-C*Hy together with
insulin (Fig. 2). In the latter case most of the radioactivity
was localized at the end point of the chromatogram and none
was present where it had been found after administration of
methionine~S**. It thus follows that insulin diminishes the
incorporation of sulfur of methionine-S*® into glutathione
after demethylation of the methionine.

Insulin evidently inhibits the utilization of cysteine for
glutathione biosynthesis, while selenium, as sodium selenite,
removes this block. The increase in the concentration of
serine in the rat liver and in its radioactivity after adminis-
tration of glycine~2 -C!% and formate~C! under the influence
of selenium [3, 6], the increase in glutathione biosynthesis

by selenium after administration of methionine and cysteine in normal animals [6] and after its inhibition
by insulin, as shown in the present investigation, and the increase in incorporation of eysteine-8*° into co-
enzyme A in the liver of rats receiving a necrogenic diet [17] all suggest that one of the manifestations of
the biological action of selenium may be protection of serine and cysteine against degradation. This hypo-
thesis is based on the fact that cysteine desulthydrase and serine dehydratase catalyze reactions of a gen-
eral type [1, 2], and the latter has been shown to be inhibited by selenoeystine [14]. Although the possi-
bility of formation of selenium analogs of sulfur-containing amino acids has been denied in rabbits [10] and
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chickens [12], inhibition of these enzymes by other selenium compounds in animals cannot be ruled out.
This hypothesis requires experimental verification.

This marked action of selenium and the complete absence of effect of vitamin E after administration

of insulin emphasize the difference between the mechanisms of their biological action in the animal body.
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