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ABSTRACT

Chronic exposure to carbon disulphide (CS,) demonstrated both in animal experiments as well
as in €S, exposed workers a change in glucose tolerance, In our study we confirmed the possible
binding of xanthurenic acid (XA) to insulin and thus a reduced activity of this hormone. The
higher formation of XA caused by chronic CS, exposure was proved previously, The XA-insulin
complex was isolated from the serum of exposed monkeys ( Macacns rhesus) and from the serum of
workers exposed to C8, for a long time. The reduced acrivity of the isolated X A-insulin complex
was demonstrated by the biological effect of glycemia in rabbits.

Some 20 vears ago Italian authors23:4 reported the diaberogenic effect of
carbon disulphide (CS,) and the enhanced incidence of diabetes in workers
handling CS,. More recent studies are not unanimous on this point. Gotod failed
to find initially a significant deviation in the glucose tolerance test (GTT) in a
large sample of Japanese workers in contact with CS,. Since, however, he
associated the possible diabetogenic effect of CS, with the higher occurrence of
retinal microaneurysm in these workers he revised his negative finding by using
the prednisolon GTT and observed a deviation in the course of the glycemic
curvet. Hernberg and co-workers8 who had found no significant shift in the
course of the normal GTT in their sample group, demonstrated a higher level of
glycemia in fasting persons who had been working with CS, over an extended
period. Abramoval found a diabetogenic effect of CS, in chronic experiments on
rats fed on a rich carbohydrate diet. Chronic exposure to CS, produced impaired
pyridoxine metabolism which manifested itself in a higher formation of
xanthurenic acid (XA) which arises with the degradation of tryptophane!4. A
similar increased excretion of XA is concomitant with diabetes!3. Kotake and co-
-workers!2 attribute to the increased XA level a diabetogenic effect; in their
opinion XA binds to serum insulin, forming a complex the biological activity of
which is lower than the activity of insulin alonell.
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In our previous study we found both in experimental animals as well as in
workers exposed occupationally to CS, for long periods, changes in glucose
tolerancel3. In a combined glucose tolerance test with prior application of
corricoid, the glycemic curve showed after load changes that characterise
“oxyhyperglycemia” described by Goto and co-workers”. The immunoreactive
insuline (IRI) curve exhibited a shift to the right and higher peak values than in
the case of diabetes. Changes in the levels of lipid metabolism of nonesterified
fatty acids and triglycerids were not significant comparing with controls.

MATERIAL AND METHODS

The X A-insulin complex was prepared in vifro by XA incubation (40 mg in
5 ml distilled water) with insulin (200 mg in 5 ml distilled water) at pH 8.0 mixed
ina 1:1 ratio with a phosphate buffer of 0.15 M for a period of 30 minutes at
37 °C17. The complex was separated by gel filtration on Sephadex G 50 and
eluted with phosphate buffer 0.075 M. The obtained fractions were measured at
optical density of 270 and 330 nm. The sample was dialyzed for 48 hours, and
after centrifugation the supernatant was freeze dried. The biological effect was
assessed by means of the glycemia test in 24-hour fasting silver rabbits (weight
2-2.5 kg) and compared with the insulin effect (Spofa 23.3 mj/mg). Insulin was
given i.v. in a dose of 0.5 L.U./kg weight and the complex was given in the same
dose for protein concentration!®, The curve was observed in intervals of 0, 30,
60, 90 and 120 minutes. Glycemia was determined using the o-toluidine method?.

The XA-insulin complex was isolated from the serum of monkeys (Macacns
rhesus) and CS, exposed humans. Fractions were isolated from the serum of three
exposed and two control monkeys. Exposure lasted 6 hours a day, 5 days a week
for a period of 20 weeks at a concentration of 1.2 mg CS,y/1 of air. After the
application of tryptophane the exposed animals had a higher XA excretion. We
further isolated the complex from the serum of four persons who had been long
exposed to CS, in concentrations below 10 ppm. A biochemical examination had
revealed in these subjects a positive tryptophane load test, i.e. an increased
excretion of XA after application of 2 g L-tryptophane. For the purpose we
selected subjects with a not too marked impairment. Low molecular protein
fractions, showing the insulin effect, were isolated from the serum on Sephadex
G 150 using the procedure described by Murakami and co-workers!® who had
isolated the complex from the serum of diabetics. The column was eluted with a
Krebs-Ringer phosphate buffer of 0.03 M, pH 7.4; four fractions of 6 ml were
obtained after an hour. Optical density was measured at 270 and 330 nm. The
eluate containing the complex was dialyzed for 48 hours and the fraction freeze
dried. The biological activity of the complex was assessed in the same manner as
was that of the complex prepared in vitro.

The i.v. tolerance test was evaluated with the glucose tolerance coefficient
according to Korec!? in which glycemia was monitored after application of 1 g
glucose/kg weight in time intervals of 0, 10, 20, 30, 45, 60 minutes.
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RESULTS

In vitro xanthurenic acid (XA) forms with insulin, under the conditons
described, a complex the biological acitivity of which is lower than the acitivity
of insulin alone. Figure 1 shows the result of biological titration. This low-
-molecular protein complex was isolated from the serum of CS, intoxicated
monkeys. Figure 2 shows the separation of the serum from a control and
intoxicated animal on Sephadex G 150, where the complex had been cluted
between the 40th—50th test tubes. The complex from the serum of exposed
humans was isolated in the same manner. The impairment of glucose tolerance in
the exposed monkeys was demonstrated in the i.v. TT: after 30 minutes the
tolerance coefficient showed a reduction from 9.8 in the control to 5.45 in the
exposed group, and after 45 minutes a reduction from 14.8 in the control to 8.5
in the exposed group. The biological evaluation of the XA-insulin complex
isolated from the serum of exposed monkeys is given in mean values in Figure 3.
Figure 4 shows the mean course of the curve after the application of the complex
that had been isolated from the serum of exposed humans. The results
demonstrate a reduced biological activity of the XA-insulin complex isolated
from the serum of both experimental animals and exposed humans. Reproducibi-
lity, i.e. the evaluation of the complex in different experiments, was good.
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FIG. 1 — Effect of insulin and of the complex XA-insulin prepared /m w2#ro on glveemia of rabbits.
The points are the mean values for 2 rabbits,
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FIG. 3 - Effect of insulin and of the complex XA-insulin isolated from monkey serum on
glycemia of rabbits, The values are means = S.E.
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DISCUSSION

We failed to prove a direct effect of CS, on insulin activity. It appears that in
case of exposure to CS, carbohydrate metabolism is affected indirectly through
the increased production of XA which results from changes in pyridoxine
metabolism due to chronic exposure to CS,. Changes in tryptophane degradation
give rise to a higher formation of XA. The impaired carbohydrate metabolism
has the characteristic of “oxvhyperglycemia”. Fasting glycemia values arc
elevated and GTT, after the application of corticoid, shows higher glycemia
values after one or even two hours following the administration of glucose, to
return later to normal levels. These changes were found in nearly 60% of the
workers!3 exposed to CS, for many years. As the effect on insulin activity must
of necessity interfere further with metabolism, its study should receive more
attention.
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