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Abstract

Physicochemical properties such as alkylating and carbamoylating activity and in vivo antimelanomic effects
against B16 melanoma of the spin labeled (nitroxyl free radical containing) glycine nitrosourea (SLCNUgly) and its
nonlabeled analogue (ChCNUgly), synthesized in our laboratory are studied and compared to those of antitumour
drug 3-cyclohexyl-1-(2-chloroethyl)-1-nitrosourea (CCNU). We have demonstrated that introducing of glycine moiety
in the nitrosourea structure in practice does not affect either alkylating or carbamoylating activity. On the other hand
replacement of cyclohexyl moiety in ChCNUgly structure with nitroxyl free radical leads to a decrease in
carbamoylating activity and an increase in alkylating activity. Compound ChCNUgly showed in vivo a higher
antimelanomic activity against B16 melanoma in comparison with CCNU and SLCNUgly. It completely inhibited
B16 melanoma growth (TGI=100%) at a dose 64.0 mg/kg. Moreover, we established that joint i.p. application in
normal mice of SLCNUgly plus a new immunostimulator (C3bgp) formerly isolated in our laboratory led to a 75%
restoration in immune function with respect to antibody production measured by Jerne hemolytic plaque assay. In
contrast, no immunostimulation was found after joint application of C3bgp plus ChCNUgly or CCNU at the same
experimental conditions. Based on these preliminary results, a possibility for developing of new combination
immunochemotherapy schemes for treatment of human cancers is discussed. © 2001 Elsevier Science B.V. All rights
reserved.
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1. Introduction

2-chloroethylnitrosoureas belong to the alkylat-
ing antitumour agents and some of them have
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found application for the treatment of human
cancer, mainly lymphomas, gliomas, a few solid
tumours and melanomas (Carter et al., 1988). At
present, it is accepted that antitumour activity of
the nitrosoureas is due to their alkylating prop-
erty whereas the severe toxic effects such as
myelossupression are due to the carbamoylating
property (Kann, 1981). Clinical application of
these drugs is limited because they show delayed
and cumulative toxic effects, bone marrow sup-
pression being prevalent and dose limiting (Green
et al., 1981). Bearing in mind the following estab-
lished facts: (1) L-amino acid participate in trans-
port through cell membranes; (2) aminoxyl
radicals act as a transport vehicle through cell
membranes and in general possess low toxicity
and are not mutagenic by themselves (Sosnovsky,
1992); (3) stable nitroxyl free radical 2,2,6,6-te-
tramethyl-4-oxopiperidine-1-oxyl [TMPO] selec-
tive accumulates in hamster and mice melanoma
tissues (Blagoeva et al., 1979), we synthesized a
number of spin labeled (containing nitroxyl free
radical) and non-labeled amino acid 2-
chloroethylnitrosoureas. These nitrosoureas
showed in vivo a high antimelanomic effect
against B16 melanoma (Ilarionova et al., 1993a;
Zheleva et al., 1996a,b). We also found a high in
vivo antileukemic activity against L1210
lymphoid leukemia (Zheleva et al., 1995) and a
good correlation between this activity and some
biochemical properties for the spin labeled amino
acid nitrosoureas (Ilarionova et al., 1993b). On
the other hand numerous studies on the antitu-
mour activity of various nitrosoureas and correla-
tion of this activity with their action on the
immune system of the host have been made. All
these studies suggest that the outcome of the
chemotherapy with nitrosoureas depends on the
modulating action on the immune mechanism of
the host in addition to the antitumour activity of
the drugs (Clary et al., 1990). In our previous
studies we reported isolation of a new glyco-
protein factor from the parasitic plant Cuscuta
europea that specifically binds to C3 complement
component of the immune system (Zhelev et al.,
1994). Using different immunological assays we
have demonstrated that this glycoprotein (C3bgp)
exhibits in vivo and in vitro strong immunomod-

ulatory property with respect to the antibody
production (Stanilova et al., 2000). Further, it
was of interest to study how the replacement of
the cyclohexyl moiety with the nitroxyl free radi-
cal in the amino acid nitrosourea structure would
affect its in vitro alkylating and carbamoylating
activity and in vivo antimelanomic effect and
immunomodulating properties.

By this paper we present our comparative
study on the alkylating and carbamoylating activ-
ity and in vivo antimelanomic effect against B16
melanoma of two formerly synthesized (in our
laboratory) spin labeled and nonlabeled glycine
containing nitrosoureas and also compared to
those of the antitumour drug CCNU. We also
described our preliminary results concerning im-
munomodulatory effect of the same nitrosoureas
with respect to antibody production measured by
Jerne hemolytic plaque assay and possibility
C3bgp to be used as an immunostimulator after
nitrosourea application in normal mice.

2. Experimental procedures

2.1. Animals

Mice, hybrid BDF1 (DBA/2xC57Bl/6) were
obtained from the National Centre of Oncology,
Sofia, Bulgaria and used for study antimelanomic
effects of the tested nitrosoureas. BALB/c male
mice (8–10 weeks old, bred in the animal facili-
ties of Thracian University), with body weight
23–25 g were used for the study immunomodula-
tory properties of the nitrosoureas and C3bgp.

2.2. Drugs

Nitrosoureas, SLCNUgly and ChCNUgly (see
Fig. 1) used in this study were synthesized by the
procedures formerly reported (Zheleva et al.,
1995, 1996b).

Antitumour nitrosourea drug CCNU was pur-
chased from Bristol Myers Squibb. Co. Immuno-
suppressive drug cyclophosphamide (CY) was
purchased from Sigma Chemical Co. C3bgp was
isolated by affinity chromatography as previously
described (Zhelev et al., 1994)
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2.3. Physicochemical properties of the tested
nitrosoureas

Alkylating activities of the studied nitrosoureas
were determined according to Gadzheva et al.
(1989). Alkylating activity was expressed through
A560×mM−1×h−1. Carbamoylating activities
of the nitrosoureas were determined following the
method of Gadzheva et al. (1997).

2.4. In �i�o drug treatment

2.4.1. Antimelanomic effects of the tested
nitrosoureas

In vivo antimelanomic effect against B16
melanoma was evaluated in accordance with rou-
tine methods (Geran et al., 1972) with slight mod-
ifications. That is: On day 0, mice (average
weight, 18–22 g) were inoculated subcutaneously
with 10% tumour cell suspension in saline in a
volume of 0.5 ml. On day 3, various doses of
compounds SLCNUgly, ChCNUgly and CCNU
(see Table 2) were administered i.p. in a single
injection in volume 0.01 ml per body weight, as
10% ethanol solutions in saline. The control
group (22 mice) received only the same volume of
10% ethanol in saline. Six mice were used for each
treated group. The antimelanomic effect was eval-
uated by comparing the weights of the tumours of
the control animals to those of the treated mice.

Table 1
Alkylating and carbamoylating activities of the studied nitro-
soureas

CarbamoylatingCompounds Alkylating activity
(code) (A560×mM−1×h−1) activity (%)

SLCNUgly 0.83 37.78
61.200.33ChCNUgly

CCNU 62.680.34

The TGI parameter was calculated by the formula
[Tc−Tt/Tc]×100 where Tc represents the weights
of the tumours of the control mice and Tt repre-
sents the weights of the tumours of the treated
mice.

2.4.2. Immunomodulatory properties of the tested
compounds

For evaluation of immunomodulatory effect of
the nitrosoureas an antigen stimulation has been
performed using sheep red blood cells (SRBC).
All studied mice in the control and tested groups
(five in each group) were injected i.p. with 0.5 ml
10% suspension of SRBC in PBS. All studied
compounds were i.p. injected 24 h before antigen
challenge only once, alone or in combination with
C3bgp in the mice of the corresponding group.
All nitrosoureas have been applied at the doses
they have shown the highest antimelanomic activ-
ity against B16 melanoma (see Table 2). CY was
applied at a dose of 24 mg/kg. At this dose, 100%
inhibition of antibody production was observed
for CY (Stanilova et al., 2000). C3bgp was ap-
plied at a dose of 1.2 mg/kg. This dose exhibits
the strongest immunostimulation (Stanilova et al.,
2000). The immunomodulatory effect of the tested
compounds on the number of antibody produc-
tion cells was evaluated according to Jerne
hemolytic plaque assay (Hudson and Hay, 1991).

3. Results and discussion

Results from alkylating and carbamoylating ac-
tivity of the nitrosoureas are presented in Table 1.
As is seen, SLCNUgly showed higher alkylating
activity and lower carbamoylating activity in com-

Fig. 1. Chemical s.tructures of SLCNUgly, ChCNUgly and
antitumour drug CCNU
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parison with its nonlabeled analogue ChCNUgly
and antitumour drug CCNU. Alkylating and car-
bamoylating activity of ChCNUgly were almost
the same as those of CCNU. It is obvious that the
introduction of glycine moiety in the nitrosourea
structure in practice does not affect either alkylat-
ing or carbamoylating activity, while the replace-
ment of cyclohexyl moiety with the nitroxyl free
radical ones (see differences in the chemical struc-
tures of R in Fig. 1) leads to a decrease of
carbamoylating activity and increase of alkylating
activity.

Results from in vivo test against B16 melanoma
of the nitrosoureas are presented in Table 2. As is
seen compound ChCNUgly showed a higher an-
timelanomic effect against B16 melanoma than
those of its spin labeled analogue SLCNUgly and
CCNU. It completely inhibited B16 melanoma
growth (TGI=100%) at a dose of 64.0 mg/kg,
while TGI value for SLCNUgly was 85.7% at a
dose of 96.0 mg/kg and for CCNU 85.2% at a
dose of 33.3 mg/kg. These results show that intro-
ducing of glycine moiety and its combination with
cyclohexyl ones in the structure of ChCNUgly
leads to a better antimelanomic effect when com-
pared to those of CCNU and SLCNUgly

Results obtained by Jerne hemolytic plaque as-
say presented in Fig. 2 showed that all tested
compounds exhibited an immunosuppressive ef-
fect after application alone. Complete immune

suppression was found after application of ChC-
NUgly, CCNU or CY, while for the spin labeled
compound SLCNUgly a 84% suppression of
plaque forming cells (PFC) count was calculated.
When animals were treated with 30 �g C3bgp plus
CCNU or ChCNUgly the immune suppression on
PFC count was retained. In contrast, after treat-
ment with C3bgp plus CY or SLCNUgly, an 85%
repaired number of hemolytic plaques compared
to the control group was calculated for CY and
75% for SLCNUgly, respectively.

Results from in vivo test for evaluation of
immunomodulatory effect of the tested nitro-
soureas demonstrated that the replacement of the
spin labeled moiety with cyclohexyl ones in-
creased the immunosuppression with respect to
antibody production measured by Jerne hemolytic
plaque assay.

In vivo CY possesses alkylating property
(Hoon et al., 1990), while 2-chloroethylnitro-
soureas exhibit not only alkylating but carbamoy-
lating property, as well (Montgomery et al., 1967).
Bearing in mind these last mentioned properties,
the well expressed immunostimulation after treat-
ment with C3bgp plus CY and full lack of im-
munostimulation after C3bgp application together
with CCNU or ChCNUgly, we suppose that the
mechanism of nitrosourea immunosuppression at
our experimental conditions is due not only to
alkylating but also to their carbamoylating activ-

Table 2
aAntimelanomic effects of the nitrosoureas against B16 melanoma in BDF1 mice

Dose (mg/kg) TGI (%) Number of animals (deaths/total)Compounds (code)

28.4ChCNUgly 29.0 0/6
42.7 83.9 0/6

0/664.0* 100.0
1/6100.080.0

61.4SLCNUgly 48.0 0/6
76.8 52.0 0/6
96.0* 85.7 0/6

120.0 85.7 0/6
6/6150.0 –
0/6CCNU 22.2 63.0
2/685.233.3*

85.250.0 2/6

a At these doses immunodulatory properties were studied.
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Fig. 2. Changes in plaque forming cells (PFC) response to SRBC of mice treated with antitumour drugs alone or together with
C3bgp. PFC values were expressed as means�SD per 106 spleen cells. � groups treated with different drugs at the doses as
indicated in the text; � groups received the same doses of drugs plus C3bgp (1.2 mg/kg); � control group.

ity. No complete immune suppression after alone
application of SLCNUgly (see Fig. 2) in compari-
son with complete ones for its nonlabeled ana-
logue ChCNUgly suggests that the nitroxyl free
radical moiety in SLCNUgly chemical structure in
some way is involved in the lowered immunosup-
pressive effect. Moreover, results from joint appli-
cation of C3bgp and SLCNUgly suggest also that
the nitroxyl free radical moiety in the nitrosourea
structure contributes to well expressed immunos-
timulation by C3bgp, resulting in immune restore
function.

These preliminary results show that the over-
coming of the nitrosourea immunosuppressive ef-
fect by joint application of spin labeled
nitrosoureas and immunostimulators such as
C3bgp might turn out to be a promising possibil-
ity for the development of new combination im-
munochemotherapy schemes for the treatment of
human cancers.
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