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Influence of diethyldithiocarbamate (DTC) on the activity of ecto-ATPase
(plasma membrane-bound enzyme participating in a cascade of reactions
leading to the formation of adenosine – a modulator of inflammation) was
examined on the lymphocytes isolated from the spleen of rats with inflam-
mation. DTC was administered at doses of 4 mg/kg and 290 mg/kg using
two modes of administration. It has been observed that:

a) an inflammation caused an increase in ecto-ATPase activity in both
subpopulations of lymphocytes; in the case of B-lymphocytes, the maximum
of activity occurred 48 h and in the case of T-lymophocytes, 72 h after the
injection of carrageenin;

b) a single injection of DTC at both doses, 24 h before or 24 h after car-
rageenin injection caused a decrease in ecto-ATPase activity in B-lympho-
cytes and its increase in T-lymphocytes throughout the whole measurement
period, which was not observed when DTG was administered only after
provocation of inflammation;

c) administration of a high dose of DTC together with equimolar doses
of disulfiram and CS

�
led to a decrease in ecto-ATPase activity and 5’-nucleo-

tidase level in B-lymphocytes, which is bound to the former enzyme;
d) in in vitro studies, both populations of lymphocytes isolated from the

rats treated with a four-fold dose of DTC showed higher resistance of ecto-
ATPase to inhibitors of the enzyme and antagonists of type P

�
purinoceptors.
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INTRODUCTION

Sodium N,N-diethyldithiocarbamate (DTC, Imu-
thiol), a synthetic immunomodulator, can both am-
plify and reduce immunological response, depend-
ing on the organism status, the dosage and fre-
quency of the drug administration [4].The drug be-
longs to the group of class I thymomimetics, the
group of substances, acting as a specific hormone-
like substance, hepatozine. They modulate the ma-
turation of prothymocytes and affect function of
maturated T lymphocytes, similarly as the thymus
hormones [15, 29]. DTC seems to influence T lym-
phocytes directly and B lymphocytes indirectly. By
increasing the total number of lymphocytes T, DTC
restores a proper ratio between T helper and T sup-
pressor lymphocytes. It also amplifies the secretion
of monokines and lymphokines and modulates the
humoral response to foreign antigens [30]. By re-
storing the normal pattern of white blood cells and
proper lymphocyte functions, DTC exhibits anti-
inflammatory properties in experimental acute,
nonantigenic inflammation [28].

In our experiments, inflammation was provoked
by carrageenin, a non-antigenic, non-diffusible and
endotoxin-free irritant. Carrageenin induces a num-
ber of processes both in the initial and in the later
phases of inflammation. It has been demonstrated
that carrageenin influences complement proteins
activity by modulating kinin and prostaglandin sys-
tems, increases of proteolytic enzymes concentra-
tion and endoplasmatic membrane permeability of
immune system cells [20, 30, 42]. Among many
papers on the influence of DTC on typical immu-
nological parameters of organisms with disrupted
immunological defense system, only few relate to
its effect on membrane enzymes of immune cells.
Therefore, as a subject of our study we chose ecto-
ATPase, one of the enzymes strictly integrated with
external cellular membrane. Possessing the cata-
lytic center directed outwards the cell, it takes part
in the catabolism of extracellular ATP and other bi-
and triphosphate nucleotides.

ATP, besides the well known function of an en-
ergy donor, serves, among others, as a transmitter,
cotransmitter, and neurotransmitter. Products of its
metabolism, ADP, AMP and adenosine, perform
similar functions. These compounds are substrates
of a number of enzymes, which control various,
sometimes opposite metabolic processes. There-
fore, the mechanisms regulating the concentration

of particular nucleotides is of such importance.
These metabolites play a particular role in the im-
munological system where they take part in the in-
teraction between cells, which is significant in in-
formation transfer between these cells [1, 3].

The assays of activity of this enzyme are par-
ticularly important since, being a membrane enzy-
me, it is naturally exposed to the attack of various
substances, for example DTC [17, 26]. The objec-
tive of the present work was an attempt to investi-
gate the effect of a single and multiple DTC doses
in order to answer the following questions.

a) What is the influence of a single dose (either
high or low) of DTC on the activity of ecto-ATPase
in intact lymphocytes of B and T subpopulations
from rat with induced inflammation?

b) Does the application of multiple doses of
DTC potentiate the changes in activity of the en-
zyme?

c) Do various patterns of drug application
evoke different effect on ecto-ATPase activity?

d) Will the application of P- receptor blockers
allow us to find a functional correlation between
purinoceptors and ecto-ATPase?

The aim of our studies was to find evidence
demonstrating that DTC is worth introducing into
pharmacological therapy of infectious diseases or dis-
orders related to the inadequate function of immune
system after its impairment by external factors.

MATERIALS and METHODS

Reagents

ATP (disodium salt from equine muscle), car-
rageenin, tetramisole (2,3,5,6-tetrahydro-6-phenyl-
imidazo[2,1-b]thiazole), ethylenediaminetetraacetate
(EDTA), sodium azide (NaN&), Hepes, pNFP, Try-
pan blue, DMSO (dimethylsulfoxide), Tris, sodium
deoxycholate, �,�-imido-ATP (AMPNP), diethyldi-
thiocarbamate (DTC), tetradiethylthiuram disulfide
or disulfiram (DS), CS- and PBS were obtained
from Sigma (USA), FSBA (5’-p-fluorosulfonylben-
zoyladenosine) and suramin were from Bayer, UK,
RPMI 1640 medium was from the Institute of Im-
munology and Experimental Therapy, Polish Acad-
emy of Sciences, Wroc³aw, Poland. Pyridoxalphos-
phate-6-azophenyl-2,4-disulfonic acid (PPADS),
reactive blue-2 was purchesed from Research Bio-
chem. Inc. (Natick, Ma, USA), fetal calf serum was
from Gibco. BRL (2,3-dialdehyde derivative of
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ATP – oATP) was prepared according to Murgia et
al. [22]. !.C-IMP and (1251-Tyr 23) phenylalani-
ne-2-norleucine 4-ACTH!-24 were obtained from
Amersham, UK. Mouse antibody anti-Thy 1.1 (la-
beled with fluoresceine isothiocyanate – FITC) and
mouse antibody anti CD45RA (labeled with FITC)
were from SEROTEC (UK). All other reagents
were purchased from Boehringer (Germany).

EXPERIMENTAL PROCEDURE

Ex vivo studies

The experiment was carried out in compliance
with the European Communities Council Directive
(86/609/EEC). The experimental procedures were
accepted by Ethic Committee at Wroc³aw Medical
University and were performed in accordance with
the guidelines of the International Association for
the Study of Pain as published in Pain, 1983, 16,
109–110. The animals (8-week-old Buffalo rats,
weighting approximately 120 g) were obtained from
a breeding laboratory at the Medical University,
Wroc³aw. They were maintained at a constant tem-
perature of 22°C and 12 h light-dark cycle. Inflam-
matory state was provoked in rats by intrapleural
injection of 1.5 ml of 1% carrageenin. After, the
provocation of inflammatory state, the lymphocytes
were collected from the spleen. First collection
took place 24 h after the induction of inflammation
and was repeated 4 more times in 24 h intervals.

The same procedure was applied in the rats with
inflammation, which were injected with DTC at two
doses: low 4 mg/kg and high 290 mg/kg [38]. The
influence of DTC on the activity of ecto-ATPase
from rats with invoked inflammation was studied
with two methods. In the first one, DTC was ad-
ministered at a single dose (low or high) simultane-
ously with carrageenin, 24 h before or 24 h after
carrageenin, and the lymphocytes were collected
every 24 h (Schemes 1, 2, 3).

In the second method, the effect of multiple
DTC treatments was investigated on a group of
rats, receiving the drug 4 times at 24 h intervals
after carrageenin injection. Their lymphocytes
were collected 120 h after induction of inflamma-
tion. Both, low or high DTC doses, were adminis-
tered (Scheme 4).

The same method was used to establish the in-
fluence of CS- (at doses of 1.78 mg/kg and 28.4
mg/kg) and disulfiram (DS) (at doses of 7 mg/kg

and 500 mg/kg) on ecto-ATPase activity. CS- was
dissolved in DMSO and the same amounts of
DMSO were added to the control samples.

Preparation of cell suspensions

The spleens taken from the rats were suspended
in RPMI 1640 containing 2% fetal serum, placed
on ice in Petri dishes and mechanically dispersed
through a nylon mesh. The suspension was filtered
through a syringe filled with cotton wool for elimi-
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nation of clumps from single cells. The suspension
was centrifuged for 10 min at 400 g (Heraus Omni-
fuge 2.0 RS), cell pellet was resuspended in cold
PBS containing 0.5% NaN& (the procedure was re-
peated three times). Subsequently, the pellet was
suspended in PBS. Equal or multiple volumes of
isotonic 0.2% trypan blue were added to 10–50 �l
samples of suspension depending on cell concen-
tration. The dead and live cells (stained and clear,
respectively) were counted in a Bürker chamber.
Only these suspensions which contained less than
5% of dead cells were taken to the experiment. The
final concentration of cells was 3 × 10' per ml. The
separation of T and B lymphocytes was accom-
plished according to the method of Clarke and Bost
[5]. Petri dishes were coated with F(ab)’ anti-rat
IgG antibodies, washed with RPMI 1640 medium
containing 2% fetal serum and then incubated for
1 h in the same buffer. Lymphocyte suspension was
placed on the plate. Nonadherent cells, i.e. T lym-
phocytes were removed by gentle washing with
RPMI 1640. Adherent cells, i.e. B lymphocytes were
extracted by vigorous washing and gentle scraping.

Immunofluorescence test for the estimation of B

and T lymphocyte phenotype purity

Five microliters of anti-T or B lymphocyte
monoclonal antibodies labeled with FITC or the
same volume of PBS was added to Eppendorff
tubes. Subsequently, 100 �l of cell suspension was
added to the tubes and the samples were incubated
on ice for 30 min. Afterwards, 1 ml of cold PBS
was added and the samples were centrifuged. Pel-
lets were resuspended in 100 �l of PBS. The counts
were obtained using flow FACSTAR cytofluorime-
ter (Becton Dickinson), and the results were ana-
lyzed using PC-lysis program (Becton – Dickin-
son). Cell purity was estimated to be above 98%.

Assay of enzyme activity in cell suspensions

Determination of ecto-ATPase activity

The assay of ecto-ATPase activity in intact lym-
phocytes was conducted according to the modified
method of Filippini et al. [10]. Lymphocytes were
washed twice with the working buffer (pH 7.4) con-
taining 5 mM MgCl-, 120 mM NaCl, 5 mM KCl,
10 mM glucose, 50 mM VO.

&9, 0.1% serum albu-
min, 5 mM tetramisol, 20 mM HEPES and 1 mM
sodium azide, and subsequently centrifuged. Cell
pellets containing 0.5 × 10' cells were added to the

above buffer, preincubated at 37°C and the meas-
urements were performed. The reaction was initi-
ated by the addition of ATP (at the final concentra-
tion of 2 mM). After 30 min, the reaction was ter-
minated by the addition of 10% solution of sodium
dodecyl sulfate (SDS). ATPase activity was deter-
mined based on the released inorganic phosphate,
whose concentration was measured by Fiske and
Subbarow method [11]. The activity was expressed
as �mol Pi/10' cells/h. Ecto-ATPase activity meas-
urements in working buffer containing 1% sodium
deoxycholate (a different kind of apyrase inhibitor)
instead of 1 mM sodium azide did not show any
significant differences in relation to the control.

Determination of ecto-5’-nucleotidase (5’-NT) activity

The activity was evaluated using whole lympho-
cytes according to the modified method of Thomp-
son et al. [35]. Briefly, 5 × 10' cells were incubated
at 37°C in a mixture containing 20 mM sodium
HEPES (pH 7.4), 120 mM NaCl, 5 mM KCl, 10
mM glucose, 0.1 mM serum albumin, 250 �M
!.C-IMP (diluted to obtain specific radioactivity of
5 �Ci/�mol with carrier IMP).The activity was ex-
pressed in nmol/h/10' cells and was calculated
from the amount of converted radioactive substrate.

Cell membrane integrity was determined by try-
pan blue dye exclusion. In addition, to estimate cell
disruption and spill of intracellular enzymes, the
activity of cytoplasmic enzyme, lactate dehydroge-
nase (LDH), was measured in supernatants after in-
cubation (Sigma assay kit). No measurable extra-
cellular activities of LDH were found during 1 h in-
cubation of lymphocytes B and T indicating the
lack of cell breakage. At least 95% viability was re-
quired for the experiments to be reported. Samples
with LDH activity below 5% of that in lymphocyte
homogenate were qualified for analysis. If the vi-
ability was less than 95%, contaminating dead cells
and cytoplasmic enzymes were successfully re-
moved by a second Ficoll-Hypaque gradient cen-
trifugation [6].

In vitro studies

In vitro evaluation of the influence of some sub-
stances on the activity of ecto-ATPase was con-
ducted on “whole lymphocytes” isolated from the
spleen 120 h after inflammation. At the same time,
lymphocytes from rats treated with 290 mg/kg of
DTC (four times at 24 h intervals) were isolated.
The separation of lymphocytes into subpopulations
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was carried out according to the method described
above. The following substances were used in the
studies: DTC, oATP (2,3-dialdehyde derivative of
ATP), suramin, FSBA, DS, CS-, PPADS, AMPPNP
and reactive blue-2. All substances were dissolved
in water, except for FSBA and CS- which were dis-
solved in DSMO (the same amounts of DSMO
were added to the control samples). The isolated
lymphocytes were incubated for 30 min at 37°C
with or without the above metabolites at the final
concentration of 1.0 mM. The activity of the en-
zyme was measured according to the method de-
scribed above. Viability of the cells was determined
by trypan blue dye exclusion. At the same time, the
activity of LDH was measured. Only the samples

with viability above 95% were qualified for the ex-
periment.

Statistical analysis

The results were compared by ANOVA (New-
man-Keuls test). The results are presented as means
plus standard errors. The differences were treated
as significant if p < 0.05.

RESULTS

The results presented here indicate that the ac-
tivity of cytoplasmic ecto-ATPase, in both sub-
populations of intact L and B lymphocytes (LB and
LT), varies with the time of measurement in rela-
tion to carrageenin (inflammation-inducing factor)
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injection. The maximal enzyme activity in B and T
lymphocytes was observed 72h and 48h after the
induction of inflammation, with the activities aver-
aging 4.08 �mol Pi/10' cells/h and 1.24 �mol
Pi/10' cells/h, respectively. Ecto-ATPase activity in
lymphocytes of healthy rats (control) was: 2 �mol
Pi/10' cells/h for LB and 0.68 �mol Pi/10' cells/h
for LT (Fig. 1a and 1b). A single administration of
DTC (at high dose of 290 mg/kg or low dose of
4 mg/kg) 24 h before carrageenin injection resulted
in a decrease in LB ecto-ATPase activity through-
out the entire measurement period as compared
with the group with inflammation (p < 0.01). The
maximal inactivation of the enzyme was observed
48 and 72 h after inflammation induction, for high

and low doses, respectively. At other measurement
time points, the differences were not so pronounced.
High dose caused a decrease in enzymatic activity
throughout entire measurement period also in com-
parison with control value [p < 0.05 (see Fig. 1a)].

LT reacted in a different way in the presence of
DTC (Fig. 1b). An increase in ecto-ATPase activity
was observed for the entire measurement period for
both doses. The highest increase was observed 120 h
after both high and low doses, and it was enhanced
by 50.5% (p < 0.01) and 85.7% (p < 0.01), respec-
tively in comparison with the group which inflam-
mation, and at 48 h, the activity rose by 83.15%
(p < 0.01) for high dose and, by 100% (p < 0.001)
for low doses.
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When DTC was applied simultaneously with
carrageenin, the LB enzyme was also inactivated,
but the inhibition was not so evident as in the previ-
ous case (see Fig. 1a and 2a for comparison). At
high DTC dose, ecto-ATPase activity was main-
tained at control level. In lymphocytes T (Fig. 2b),
the highest activation of the enzyme was observed
after 96 and 120 h. The activity rose by 40.1%
(p < 0.01) and 60.55% (p < 0.01) for low and high
doses, respectively, as compared with the group
with inflammation.

The treatment of the experimental animals with
DTC 24 h after the induction of the inflammation
did not result in statistically significant changes in
enzyme activity (as compared with the group with

inflammation), especially 72 to 96 h after inflam-
mation induction. However, when compared with
the control, an increase in enzymatic activity was
observed for both subpopulations of lymphocytes
and for both DTC doses, with an exception of
measures at 120 h (Fig. 3a and 3b).

Figures 4a and 4b show ecto-ATPase activity in
the lymphocytes harvested 120 h after the injection
of carrageenin. In this experiment, the appropriate
doses of DTC, DS or CS- were applied four times
(according to the experimental Scheme 4). All three
substances at high doses caused the decrease in
ecto-ATPase activity in LB to the same degree as
compared with the group with inflammation, the
activity dropping by 58% for DTC, 63.25% for CS-
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and 51.5% for DS [p < 0.01 (see Fig. 4a)]. In the
case of lymphocytes T, only the low doses of DTC
and CS- maintained the activity of the enzyme
above the level observed during inflammation (in-
crease by 27.1% and 64.2%, p < 0.01, respectively),
and the high doses reduced the activity, but rela-
tively more weakly, than in the case of lymphocy-
tes B, by 21.43% for DTC, 30% for DS, 35.72% for
CS- (p < 0.05) (see Fig. 4a and 4b for comparison).
Similar results were obtained, when ecto-ATPase
activity was compared with the control values.

and 51.5% for DS [p < 0.01 (see Fig. 4a)]. In the
case of lymphocytes T, only the low doses of DTC
and CS- maintained the activity of the enzyme
above the level observed during inflammation (in-
crease by 27.1% and 64.2%, p < 0.01, respectively),
and the high doses reduced the activity, but rela-
tively more weakly, than in the case of lymphocy-
tes B, by 21.43% for DTC, 30% for DS, 35.72% for
CS- (p < 0.05) (see Fig. 4a and 4b for comparison).
Similar results were obtained, when ecto-ATPase
activity was compared with the control values.

Figure 5 presents the activity of lymphocytes B
ecto-5’-nucleotidase, measured after multiple (four
times) application of the above agents (according
to the Scheme 4). In the case of LB, the reduction
of the activity as compared with the group with in-
flammation was observed for both doses. For high
doses, the activity was lowered by 51.1% for DTC,
8.52% for DS, and 57.15% for CS- (p < 0.01), while
for low doses, the activity was reduced by 27.6%,
17.03% and 21.71%, respectively (p < 0.05). Only
high doses of DTC and CS- inhibited enzyme acti-
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vity below the control value. In the case of LT, the
activity was very low and the application of either
of the above substances reduced it to 10% of the
initial activity regardless to the dose (data not shown).

For in vitro studies, lymphocytes were obtained
from rats with induced inflammation not receiving

(control) and receiving DTC in multiple doses
(Scheme 4). In both groups of lymphocytes, no in-
crease in ecto-ATPase activity was observed in any
case, when 0.1 mM DTC, CS- or DS was used
(Tab. 1). The inactivating potential was reduced,
when the corresponding measurements were con-
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at four doses in 24 h intervals. First dose was administered 24 h after carrageenin injection (see Materials and Methods). The lympho-
cytes were collected 120 h after inflammation. The columns represent mean of 5–7 treated animals and of 10 control and inflamma-
tion animals. Activity unit (U) = nmol/10�cells/h. Activity values shown in columns marked by * are not statistically different in com-
parison with inflammation (p > 0.05)

Table 1. Influence of some inhibitors on the activity of ecto-ATPase of the intact lymphocytes isolated from the spleen of rats (n = 7)
with carrageenin-induced inflammation and treated four times in 24 h intervals, high doses (290 mg/kg) of DTC. A first dose was ad-
ministered 24 h after carrageenin injection. Lymphocytes were collected 120 h after induction of inflammation

Activity (�mol Pi/10� cells/h)

Inflammation Inflammation + DTC

LB LT LB LT

Control 2.30 ± 0.24 0.70 ± 0.15 0.96 ± 0.15 0.55 ± 0.07

1 mM DTC 1.56 ± 0.10 0.38 ± 0.06 0.98 ± 0.15 0.54 ± 0.08

1 mM DS 0.92 ± 0.09 0.16 ± 0.04 0.82 ± 0.16 0.50 ± 0.08

1 mM CS� 1.87 ± 0.15 0.16 ± 0.04 0.87 ± 0.15 0.49 ± 0.09

1 mM oATP 1.23 ± 0.13 0.56 ± 0.08 0.61 ± 0.10 0.49 ± 0.09

1 mM suramin 1.26 ± 0.11 0.61 ± 0.11 0.60 ± 0.12 0.46 ± 0.07

1 mM PPADS 1.76 ± 0.16 0.36 ± 0.08 0.59 ± 0.12 0.28 ± 0.05

1 mM FSBA 0.42 ± 0.05 0.04 ± 0.01 0.48 ± 0.10 0.28 ± 0.05

1 mM AMPPNP 0.77 ± 0.11 0.20 ± 0.04 0.39 ± 0.10 0.30 ± 0.08

1 mM reactive blue 1.57 ± 0.15 0.47 ± 0.10 0.68 ± 0.15 0.40 ± 0.08



ducted on lymphocytes isolated from the rats,
which were four times injected with high doses of
DTC at 24 h intervals. Similar results were ob-
tained, when the selected inhibitors of ecto-ATPase
(FSBA, AMPPNP) or antagonists of P- purinocep-
tors were used (Tab. 1).

DISCUSSION

The presented results point to the different char-
acteristics of ecto-ATPase of T and B lymphocytes
during inflammation and after administering of DTC.
Induction of inflammatory state by carrageenin in-
duces not only immunological changes in the or-
ganism but also leads to the destruction of various
cells and leakage of ATP to intracellular milieu. An
increase in extracellular ATP (ATP�) concentration
may be as well a result of its leak from active plate-
lets, vascular endothelium or cells being destroyed
by O-, and these phenomena are connected with the
formation of local clots during infections and with
inflammatory state of the organism [25].

The role of ATP as an energy donor is generally
known, but this nucleotide has many other, not
fully explained, functions. Both ATP and the prod-
ucts of its hydrolysis: ADP, AMP and adenosine
(Ado) fulfill numerous functions, among others
they serve as information carriers. Due to the fact
that those compounds control various, sometimes
contradictory processes, there is a need for a very
precise regulation of their concentrations at the cel-
lular and tissue level, and any pharmacological in-
tervention in the system must be done with an ex-
ceptional care. This pertains also to the immune
system, where these agents play an essential role
both in the cell to cell contact and in cytotoxicity
mechanisms as well [33].

Nucleotides do not migrate across cellular
membrane, but attacking the cell membrane they
induce series of processes inside. A system of en-
zymes and receptor proteins located in the mem-
brane, with active centers pointing outside the cell,
is involved in these processes. The relation be-
tween them is an important issue, subject to many
studies and discussions [8, 14].

The mechanism of action of DTC from chemi-
cal point of view is not clear. It seems that the equi-
librium between dithiocarbamate and bis(thiocar-
bamoyl)disulfide (disulfiram = DS) exists in organ-
ism, and isothiocyanate, carbon disulfide (CS-) and

amines, which are derived from these two com-
pounds are the “aggressive” agents [16, 39, 40].

Immunological studies have revealed that DTC
“induces” the immune system. It accelerates the
maturation of LT, regulates the antigen expression
on the surface of LT augmenting the proliferative
response to antigens and mitogens [31]. DTC in-
creases also the activity of both cytotoxic lympho-
cytes (CTL) and natural killers, and enhances the
IL-2 and IgG production [27]. In all studies on im-
munological parameters conducted so far, describ-
ing influence of DTC on the immune system, the
response of the system varied, depending on the
dose, manner and time of the administering in rela-
tion to the antigen [23, 27]. The results presented
here (Fig. 1–4) demonstrated the activity of ecto-
ATPase in the intact lymphocytes collected from
rats with induced inflammatory state both in the
presence and absence of DTC. In the inflammatory
state, the activity of ecto-ATPase varied with the
maximal activity displayed 72 and 48 h after the in-
jection of carrageenin for LB and LT, respectively.
In the case of LB, administration of DTC either 24 h
before or simultaneously with carrageenin resulted
in the inactivation of the enzyme throughout the
whole measurement period. The high dose of DTC
(290 mg/kg) had a stronger inhibitory effect than
the low one (4 mg/kg). In the case of LB, potentia-
tion of inhibitory effect was obtained when DTC
was administered 24 h before the induction of in-
flammation. The reversed effect was observed for
LT. An increase in ecto-ATPase was observed for
both DTC doses throughout the whole measure-
ment period. No significant changes in enzyme ac-
tivity either in LT or LB were observed when DTC
at any of the doses was administered 24 h after car-
rageenin injection. In the case of multiple DTC
treatment (four times every 24 h for both doses) the
responses of ecto-ATPase were different for lym-
phocytes B and T (Fig. 4a and 4b). Both doses of
the drug caused the inactivation of the enzyme in
LB, while in LT a low dose maintained the elevated
activity and a high dose caused inactivation.

The mechanism of action of DTC as well as the
products of its degradation remains unclear. It is
known that due to its chelating properties, DTC af-
fects activity of many metalloenzymes participat-
ing in redox processes of the cell [13, 24]. DTC
itself or “aggressive” products of its catabolism are
involved in covalent modifications of proteins. It
leads to carbamylation via reactive sulfoxides (in-
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termediates derived from the oxidative degradation
of DTC), and generation of inter- and intramolecu-
lar crosslinking involving SH or NH- groups of
proteins [16, 24, 39, 40]. Because the active ecto-
ATPase exists in the form of tightly bound oligo-
mer [34], therefore, the abovementioned properties
of DTC, as well as its influence on fluidity and in-
tegrity of cytoplasmatic membranes, may affect the
effector role of lymphoid cells [18, 19, 36].

Our studies with equimolar doses of CS- and
disulfiram indicated similarity in the reaction of
ecto-ATPase to these compounds and to DTC (Fig.
4a and 4b). It might suggest that these agents attack
the enzyme in the same mode. Inhibition of ecto-
ATPase from lymphocytes B may influence the
manner of communication between cells of both
lymphocyte subpopulations. A system of mem-
brane proteins called type P receptors, and ecto-
enzymes participate in this specific “talk” between
the cells. They are involved in purine nucleotide
catabolism which results in Ado production. This
metabolite is “captured” by type A receptor local-
ized on LT. In this way, Ado becomes a “contact
molecule” between both subpopulations of lym-
phocytes [9]. The reduction of the activity of ecto-
ATPase, the first enzyme in the ATP � ADP �

AMP � Ado cascade, may block information flow
to LT. On the basis of our results, we are not able to
completely explain the differences in behavior, of
ecto-ATPase from LT in comparison with ecto-
ATPase from LB. Low doses of CS-, DTC and di-
sulfiram elevate ecto-ATPase activity above the
control level (in the inflammation state). It is possi-
ble that the compounds influence the intensity of
interaction between the enzyme monomers, which
leads to the changes in activity. The changes in
membrane fluidity, which alter the interactions be-
tween enzyme monomers and other molecules (es-
pecially purinoceptors) are not to be excluded. This
leads to the changes in the enzyme monomers
oligomerization status, which is the keystone of en-
zymatic activity [34]. Another membrane enzyme
cooperating with ecto-ATPase, ecto-5’-nucleosidase
(CD73), is also susceptible to thiol reagents [32].

Lymphocytes T collected 120 h after induction
of inflammation expressed low 5’-NT activity. Mul-
tiple injections of particular agents (DTC, CS- or
DS) resulted in total inactivation of the enzyme
(unpublished data). The inhibition was also observed
in the case of lymphocytes B 5’-NT, but stronger

effect was obtained, when single high doses of the
particular agents were applied (Fig. 5).

Inactivation of 5’-NT reduces the concentration
of extracellular adenosine, a pro-inflammatory agent,
which subsequently leads to augmented prolifera-
tion of LT and excretion of IL-2. This confirms the
anti-inflammatory properties of DTC. On the other
hand, the reduction of Ado concentration may be
the cause of impaired contact between lymphoid
cells, co-stimulation during the T cells activation
by CD3/TCR complex system, adhesions of cells
or purine resynthesis [2, 21, 32].

Dombrowski et al. hypothesis [9] concerning the
participation of ecto-ATPase in intracellular Ca-:

mobilization, which leads to modulation of pro-
cesses catalyzed by Ca-:-dependent enzymes, to-
gether with the fact that this enzyme has a catalytic
center directed outside the cell, inspired the studies
on the effect of specific drugs attacking the mem-
brane proteins of lymphocytes. The attempts to
solve these problems involve, among others, the
pursuit for inhibitors able to differentiate purino-
ceptors from ecto-enzymes. Our results demon-
strate that in ex vivo studies ecto-ATPase behaves
differently than in vitro (Tab. 1). In vitro, the en-
zyme from both subpopulations of lymphocytes
underwent inactivation during the incubation with
DTC and disulfiram. Incubation with CS- main-
tained high activity, close to the control level (in in-
flammatory state). Ecto-ATPase from lymphocytes
collected from rats treated with a high dose of DTC
was more resistant both to DTC and disulfiram.
This suggests that DTC administered to the rat in-
teracts with the enzyme making it resistant to disul-
firam action (Tab. 1). Similar results were obtained
for classical ecto-ATPase inhibitors, FSBA and
AMPNP (Tab. 1).

Using the antagonists of particular types of
purinoceptors in ecto-ATPase studies, no correla-
tion between them and the enzyme activity was ob-
served. A relatively weak inhibition of ecto-ATPase,
especially in case of LT inhibition by suramin,
could by noticed. Suramin is a well-known antago-
nist of type P-;, P-� and P-< purinoceptors [12, 41]
as well as ecto-ATPase from various sources [26].
The lymphocytes collected from rats treated with
DTC show greater resistance to inactivating action
of suramin. Similar phenomenon was observed
when lymphocytes were incubated with 2,3-dialde-
hyde derivative of ATP (oATP), P-; and P-< antago-
nist and reactive blue, P-; and P2 � antagonist [22,
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37]. FSBA and AMPNP, the inhibitors of ecto-
ATPase [26], did not act as antagonists of known
purinoceptors, but their inactivating potential was
modified in lymphocytes collected from the rats
treated with DTC. This implies that the nucleo-
philic parts of the enzyme (-SH, -NH-, -OH resi-
dues), which are the target for attack of the above-
mentioned inhibitors, are blocked by DTC or the
products of its degradation [7]. The above results
may indicate the presence of various isoforms of
ecto-ATPase in T and B lymphocytes, but this sug-
gestion requires further, more detailed examina-
tions.

In conclusion it can be stated, that:
a) the activity of ecto-ATPase is present in both

subpopulations of intact lymphocytes isolated from
the spleen of rats with induced inflammation, but it
varies with measurement time in relation to the in-
duction of inflammation;

b) application of a single dose of DTC, as well
low (4 mg/kg) as high (290 mg/kg) 24 h before or
simultaneously with carrageenin (inflammatory
factor) inhibited the activity of ecto-ATPase from
LB and elevated that from LT;

c) multiple applications (four times at 24 h in-
tervals) of high doses of DTC and equimolar doses
of DS and CS- resulted in the reduction of LB
ecto-ATPase activity and 5’-NT, cooperating with
this enzyme, which may result in the reduction of
Ado concentration (Ado being a contact molecule
and pro-inflammatory factor);

d) in in vitro studies, the inactivating potential
of ecto-ATPases inhibitors and P- purinoreceptor
antagonists was reduced in both subpopulations of
lymphocytes from rats treated with multiple high
doses of DTC.
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