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Erythrocytes of uranium miners:
the activity of the pentose phosphate
pathway
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Vich, Z., Novosad, F., and Brychtova', V. (1970). Brit. J. industr. Med., 27, 287-290. Eryth-
rocytes of uranium miners: the activity of the pentose phosphate pathway. The functioning of
erythrocytes was studied by determination of the activity of the pentose phosphate pathway
in 431 individuals - 221 uranium miners, 42 employees of a uranium ore trimming station
(30 of whom were exposed), 36 former uranium miners, 32 coal miners, and 100 persons not
working in mines and with no previous exposure. In the groups exposed to long-term
occupational radiation, the activity of the pentose phosphate cycle was found to be enhanced.
This finding was interpreted as evidence for a change in the functional state of the eryth-
rocytes in exposed persons due to the effects of radiation on the genesis of red cells in the
bone marrow.

In a previous paper, Vich and Kriklava (1970)
analysed the results of examination of the red
blood picture of uraniumn miners. No evidence of
damage to erythrocyte production could be found.

In order to try to establish whether the erythro-
cytes also functioned normally, the activity of the
pentose phosphate cycle (PPC) was studied. The
PPC is one of the degradation pathways of glucose,
and its inhibition after irradiation has been re-
peatedly demonstrated under experimental con-
ditions (gonka, Pospisil, and Dienstbier, 1964;
gonka, Malina, Pospisil, and Dienstbier, 1965a;
gonka, Nosek, Vich, Pospisil and Dienstbier,
1965b; gonka, Hilgertova, Dienstbier, and Pospisil,
1968). However, the PPC has never been investigated
in individuals exposed to long-term radiation.
The reactions of the PPC had been established by

1953 (see, e.g., gonka, 1956). In erythrocytes all the
PPC enzymes and intermediates have been found
(Prankerd, 1961; Palek, 1967), but the activity of
the cycle is small and does not exceed 10% of total
glucose utilization (Mircevova, 1960; Hofejsi, 1963;
Carson and Frischer, 1966).

Materials and methods

Groups studied
The activity of the PPC in erythrocytes was examined in
431 persons. They were 100 healthy men applying for
employment in the mines, but without previous exposure;
221 uranium miners from the Pribram region, working
underground; 42 employees of the uranium ore trimming
station, 12 of them auxiliary maintenance workers and
30 from the station itself (only the 30 from the station
were exposed); 36 workers from a surface quarry of non-
radioactive rock, all of whom were formerly uranium
miners in JAchymov but had left the mine three to six
years previously; and 32 coal miners from the Ostrava
region.
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Analytical methods
The colorimetric methods described by Dubovsk9,
Honsova, Kalousek, Palek, and gonka (1958; 1959) were
used (see also Hildmann and Zillman (1966)). These
consist of the determination of the ribose formed and of
the glucose utilized in a standardized sample of washed
erythrocytes. The cells were incubated in a medium
consisting of phosphate buffer and glucose, and, after
deproteination, the supematant was treated with a modi-
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fied Bial's reagent and the concentration of ribose and
glucose was measured at 680 nm and 540 nm respectively.
The cross-interference of both colour complexes was
allowed for in calculating the results. Non-incubated
parallel samples treated in the same way were used as
controls. Of the total glucose utilized, the percentage
utilized via the PPC, i.e., 100 x ribose formed . glucose
disappeared, is referred to as the percentage converted by
the PPC.
The above method is in good agreement with others,

including isotopic methods (Dubovsky et al., 1958, 1959;
Sonka, J., personal communication), but is considerably
simpler.

Results

The uranium miners were divided into four groups
according to the number of years of occupational
exposure to radiation.

Table 1 presents the mean values for ribose pro-
duction and for the percentage of glucose converted
by the PPC. The results were compared by the t-test

with the results for the group of non-miners, which
had the characteristics of a normal healthy male
population. The red cells for all groups of uranium
miners produced more ribose, i.e., the PPC activity
in them was higher. The percentage of glucose
converted by the PPC was raised further because
glycolysis was also a little depressed. From now
onwards attention will be confined to the percentage
of glucose which was converted by the PPC. The
average values for former uranium miners and for
those employees of the uranium ore trimming station
who were exposed to radiation were also significantly
increased; but auxiliary workers who were not
exposed had normal levels, while in coal miners the
percentage of glucose converted by the PPC was
actually lower.
Although the mean values altered significantly

with exposure, there was considerable spread and
overlapping of the individual values. Table 2 shows
how the values in each group were distributed over
ranges of values fixed in relation to those in the

BLE 1
PENTOSE PHOSPHATE CYCLE IN RED CELLS OF URANIUM MINERS AND OTHERS

Ribose produced
Work group No. of per 3 ml % converted P (v

persons incubate p by PPC non-miners)
(jumoles ± SD) (v non-miners) (mean J SD)

Non-miners .. .. .. .. .. 100 0-191 0-071 9 11 3-25
Uranium miners
<5 yr .. .. .. .. 39 0-221 0-063 <005 12-83 i570 <0001
6-10 yr .. .. .. .. 56 0-236 0-064 < 0-001 13-22 ± 460 <0-001

11-15 yr .. .. .. .. 93 0227 i0055 <0001 13 17 4-52 < 0-001
16-20 yr .. .. .. .. 33 0-225 0-076 <005 13-68i462 <0001

Auxiliary maintenance workers (non-exposed) 12 0-186 i 0068 n.s. 9-98 i 2*77 n.s.
Trimming station workers (exposed). .. 30 0-222 ± 0-061 <005 12 54 i7*35 <0-001
Former uranium miners at surface quarry .. 36 0-281 ± 0 129 < 0-001 13 18 i 513 < 0 001
Coal miners .. .. .. .. .. 32 0 144 ± 0-039 < 0-001 7*89 1-63 < 0 05

(decrease) (decrease)

TABLE 2
DISTRIBUTION OF PPC VALUES

% converted' by PPC
Work group

<59 59-124 > 124

Non-miners .. .. .. .. .. .. .. .. .. .. 130 77 0 10 0
Uranium miners

<5yr .. .. .. .. .. .. .. .. .. 5 1 539 410
6-10 yr .. .. .. .. .. .. .. .. .. 1 8 46-4 518

11-15 yr .. . . .. .. .. .. .. .. .. 0 45-2 54-8
16-20 yr .. .. .. .. .. .. .. .. .. 0 45 5 54 5

Auxiliary maintenance workers (non-exposed) .. .. .. .. .. 0 91-7 8-3
Trimming station workers (exposed) .. .. .. .. .. .. .. 0 60 00 40 0
Former uranium miners at surface quarry .. .. .. .. .. 0 47*2 52-8
Coal miners (Ostrava) .. .. .. .. .. .. .. .. .. 0 100-0 0

LThese ranges are related to the mean values for the group of non-miners as described in the text.
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non-miners. These ranges were: below 5 9% (mean
-1 SD for the non-miners); above 12-4% (mean +
1 SD) and between. The differences were evaluated
statistically and were statistically significant to the
same extent as before.
The effects of age were investigated. Table 3

shows the results for non-miners. There were no
significant differences between the youngest and
other age groups. Similarly, there were no significant
differences with age between those exposed to
radiation, i.e., the effect depended upon exposure,
not age. When comparisons between work groups
were confined to one age group the differences were
very like those shown in Table 1 for the whole
population. Table 4 shows the analysis for the 31 to
40 years age group.

TABLE 3
PERCENTAGE OF GLUCOSE CONVERTED BY
PPC RELATED TO AGE IN 100 NON-MINERS

Age (yr) No. of Mean ± SD (v youngest
persons group)

< 20 .. .. 14 8-7 2-3
21-30 .. .. 63 9-2 ± 3-7 n.s.
31-40 .. .. 12 8-4 ± 1-7 n.s.

>41.... .. 11 99 ± 2-3 n.s.

Discussion
The present investigation was begun because there
was evidence of the influence of radiation on the
PPC in erythrocytes (gonka et al., 1964; Sonka
et aL, 1965a, 1968). After local irradiation for
tumour-therapy there was an initial increase followed
by a reduction of PPC activity (gonka et al., 1965b).
Also, the erythrocyte metabolism of uranium miners
has not yet been studied thoroughly. Only alterations

of the cholesterol content of erythrocytes and
plasma had been observed (Adamek, 1967; Adaimek,
Roth and gt6pankova, 1969).
The contribution made to glucose utilization by

the PPC might be influenced by many factors. The
possibility of an increase in uranium miners caused
by nutrition, by hormonal influences relating to
stress or by muscular activity were eliminated by a
comparison with coal miners, whose working
conditions and lives do not differ to any appreciable
extent. Hypoxia could not have contributed to the
increased values in uranium miners, as the values
obtained in former miners now working in the
normal atmosphere of a nonradioactive surface
quarry were also raised. No dependence on age or on
any other features of the red cell picture (which
were examined simultaneously) was found.
The common factor for all groups with an in-

creased percentage conversion by the PPC in
erythrocytes was long-term exposure to radiation in
the working environment. In coal miners the
percentages were lower than normal, presumably
due to muscular work; so the increase in uranium
miners, subjected to similar exacting physical strain,
was probably even greater than a comparison with
non-miners indicated (Tables 1 and 4).
The effect could not be due to the continuing

external radiation level, otherwise the rise observed
in the red cells of former uranium miners, whose
exposure had ceased, could not be explained. It is
concluded that the results are a long-term effect of
exposure, due to the incorporation of radioactive
isotopes with long half-lives into the bones (as
described, e.g., by Jaworowski (1965) ) which could
influence the production and formation of red cells
in the bone marrow. The metabolic aberrations of
erythrocytes in the blood stream are the effects of
this. Morphological findings in the erythroblasts
of the bone marrow and in peripheral erythrocytes
of uranium miners support this view. There was
an incidence of binuclear erythroblasts (Polak and
Novakova, 1963), a slight shift of the mitotic phases
of erythroid elements (Novakova, 1965), and the

TABLE 4
PERCENTAGE OF GLUCOSE CONVERTED BY PPC IN 31-40 YEARS AGE GROUP

% converted
Work group No. ofpersons by PPC p

(Mean ± SD) (v non-miners)

Non-miners .. .. .. .. .. .. .. .. 12 8-4 + 1-7
Uranium miners

6-10 yr .. .. .. .. .. .. .. 17 12-1 3-3 <0001
11-15 yr .. .. .. .. .. .. .. 38 12-6 i39 <0 001
16-20 yr .. .. .. .. .. .. .. 8 14-0 ± 5S5 < 0*01

Trimming station workers (exposed) .. .. .. .. 14 13-0 ± 4.5 <001
Former uranium miners at surface quarry .. .. .. .. 17 13-6 4-3 <0001
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presence of residues of nuclear matter in red cells
in the blood (Kfiklava, Vich, and Koskova', 1969).

It is likely that there are changes in the metabolism
of the red cells of individuals exposed to long-term
radiation, the effects of which are reduced by the
increase of glucose oxidation via the pentose phos-
phate cycle. This might contribute to the mainten-
ance of the functional efficiency of erythrocytes in
respect of oxidation-reduction reactions and syn-
theses (Vich, 1968; Vich, Novosad, and Brychtova,
1968). If so, the alteration in the rate of the pentose
phosphate pathway may be regarded as due to the
operation of compensatory mechanisms.
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