
Modulatory Effects of 6-Carboxymethylthiopurine
on Activated Murine Macrophages

Marcio L. De Paula1, Fernanda G. Braga1,
Elaine S. Coimbra1, Arturene M. L. Carmo2,
Henrique C. Teixeira1, Adilson D. Da
Silva2, Maria A. Souza1 and Ana Paula
Ferreira1,*

1Departamento de Parasitologia, Microbiologia e Imunologia,
Instituto de CiÞncias Biol�gicas, Universidade Federal de Juiz de
Fora, Juiz de Fora, MG, Brazil
2Departamento de Quimica, Instituto de CiÞncias Exatas,
Universidade Federal de Juiz de Fora, Juiz de Fora, MG, Brazil
*Corresponding author: Ana Paula Ferreira, ana.paula@ufjf.edu.br

The immunological activity of macrophages
against pathogens in hosts includes the phagocy-
tosis and the production of nitric oxide. We report
herein the investigation of the effect of 6-carbo-
xymethylthiopurine on nitric oxide production by
murine macrophages as well as its effect on the
cell viability and proliferation after stimulus with
Mycobacterium bovis bacille Calmette–Guérin,
interferon-gamma or a combination of both.
J774A.1 macrophages stimulated or not by bacille
Calmette–Guérin (20 lg ⁄ mL), interferon-gamma or
both, were cultured in the presence of 6-carbo-
xymethylthiopurine (125, 250 and 500 lM). Nitric
oxide production was measured by the Griess
method and cell viability ⁄ proliferation by the
diphenyltetrazolium assay [3-(4, 5-dimethylthiazol-
2-yl)-2, 5-diphenyltetrazolium bromide]. We
observed an increase of J774A.1 cell proliferation
after stimulus with bacille Calmette–Guérin at
125, 250 and 500 lM (69.1, 124.0 and 89.7%,
respectively) and with interferon-gamma at 125
and 250 lM (64.8% and 61.7%, respectively)
(p < 0.05). In all cultures treated with 6-carbo-
xymethylthiopurine, interferon-gamma-activated
nitric oxide production by J774A.1 cells decreased
as well as when subjected to interferon-gamma
plus bacille Calmette–Guérin stimuli at 500 lM

(p < 0.05). Altogether these data point to an anti-
inflammatory effect of 6-carboxymethylthiopurine
on stimulated macrophages.
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6-Mercaptopurine (6-MP) (Figure 1) is an orally administered, water-
insoluble purine analog that is effective against acute lymphatic
leukemia (1). Oral absorption of 6-MP, however, is quite erratic, with
only 16–50% of the administered dose reaching the blood (2). With
the goal of obtaining 6-MP derivatives more soluble for parenteral
administration, various compounds were synthesized (3,4).

6-Mercaptopurine is a 6-thiopurine analog of naturally occurring
purine bases: hypoxantine and guanine. It is a phase-specific drug,
inhibiting cell division in the S-phase of the cell cycle and it is a
prodrug requiring intracellular activation by thiopurine nucleotides
to exert an antileukemic effect (5). 6-Mercaptopurine inhibits phos-
phoribosylpyrophosphate amidotransferase by methylthioinosine
nucleotides thus inhibiting de novo purine synthesis. Therefore,
there is a purine deprivation, leading to an inhibition of DNA
synthesis, decreased cell proliferation and antileukemic effect (6).

6-Mercaptopurine is an antimetabolite, which has been widely
applied to treat childhood acute lymphoblastic leukemia, as well as
being a major component of remission maintenance treatment (7,8).
Although 6-MP and its prodrug azathioprine (AZA) have been used
in clinical practice as immunosuppressive drugs for more than
20 years, their mechanism of action is little known. This is largely
because of the fact that they are by themselves inactive and must
be transformed intracellularly into active 6-thioguanine (6-TG)
metabolites (9). 6-Thioguanine may be used to treat AZA and 6-MP-
intolerant inflammatory bowel disease patients because 6-TG is
considered to be an escape maintenance immunosuppressant (10).
6-Mercaptopurine and AZA act on T and B-lymphocytes in vitro,
inhibit the expression of surface receptors and block mitogen-stimu-
lated immunologic response. Low doses of 6-MP are applied to the
treatment of ulcerative colitis, Crohn's disease and multiple sclero-
sis (11–13).

Different 6-alkylthiopurine and analogs were prepared and tested
for the carcinostatic and leishmanial activity and have more proven
inhibitory effects than the previously known 6-MP and have no toxic
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Figure 1: Structure of 6-mercaptopurine.
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side-effects (2,3,14). 6-Carboxymethylthiopurine (6-CMMP; Figure 2)
(15), a soluble compound in water, has also significant antileishma-
nial activity reported elsewhere (4). Unlike humans, leishmania par-
asites cannot make purines de novo and must therefore obtain
purine bases and nucleotides from the host cell and then metabo-
lize these to nucleotides by salvage pathway (16). A similar mecha-
nism occurs in malaria parasites, which have also demonstrated
significant sensitivity to 6-MP, 6-TG and other compounds (17).

Macrophages are central components of the innate immunity and
also play a major role in initiating the adaptive immunity. In both
cases, its immune function can be activated by contact with other
cells, with different cytokines such as interferon-gamma (IFN-c) and
with a variety of components of foreign organisms. The immuno-
logic activity of the macrophages against pathogens in hosts
includes phagocytosis and the production of nitric oxide (NO) (18).
Studies in vitro with a variety of macrophage cell lines have shown
J774A.1 cell line to be an important tool for analyzing the influence
of drugs on macrophage-like function of these cells (19–21).

Our goal was to investigate the effect of 6-CMMP on NO produc-
tion by J774A.1 cells as well as its effect on the cell viability
and proliferation after stimulus with Mycobacterium bovis bacille
Calmette–Gu�rin (BCG), IFN-c or a combination of both.

Results

Effect of 6-CMMP on NO synthesis by activated
J774A.1 cells
The 6-CMMP was assessed for its activity on NO production in
BCG and ⁄ or IFN-c-activated J774A.1 macrophages at concentrations
125, 250 and 500 lM. In all cultures treated with 6-CMMP, the IFN-
c-activated NO production by J774A.1 cells decreased (30.1, 49.2
and 51.1% at 125, 250 and 500 lM, respectively) in comparison
with control (p < 0.05) (Figure 3). In reference to the 500 lM treat-
ment with 6-CMMP of J774A.1 cells activated by both IFN-c and
BCG, there was a reduction of 35.2% (p < 0.05) (Figure 3). Further-
more, when J774A.1 cells activated by both IFN-c and BCG were
subjected to 125 and 250 lM treatment or by BCG only, 6-CMMP

also decreased NO production, although with no statistical signifi-
cance (Figure 3).

Effect of 6-CMMP on cell proliferation and
viability
The proliferation and viability were analyzed on J774A.1 cell cul-
tures stimulated with BCG or IFN-c or a combination of both and
evaluated through the cellular respiration levels determined by a
colorimetric MTT assay. In BCG-activated J774A.1 cells, this drug
induced proliferation at all concentrations (69.1, 124.0 and 89.7%
at 125, 250 and 500 lM, respectively) in comparison with control
(p < 0.05) (Figure 4). Similarly, this effect was observed when the
IFN-c-activated murine macrophages were treated with 6-CMMP at
125 lM (64.8%) and 250 lM (61.7%) (p < 0.05) (Figure 4). When
both stimuli were applied, there was a slight cell proliferation at
all concentrations tested, although with no statistical significance
(Figure 4).

Discussion

In this study, the potential role of 6-CMMP as an anti-inflammatory
drug was examined. Increasing amounts of 6-CMMP were tested
based on previous findings in which 6-MP, its parent compound,
was analyzed and demonstrated no effect on NO production (22).
Cytokines such as IFN-c and microbial products lead macrophages
to release NO and other mediators. In some acute and cronic
inflammatory diseases, the high-output path of uncontrolled NO pro-
duction can cause cell and tissue damage as well as contributing
to septic shock and thereby kill the host (23). The down-regulation
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Figure 2: Structure of 6-carboxymethylthiopurine. 6-CMMP was
synthesized from 6-MPÆH2O as described in the experimental
section.
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Figure 3: NO production by J774A.1 macrophages treated or
not with 6-CMMP. Cells were stimulated with 20 lg ⁄ mL BCG or
0.6 ng ⁄ mL IFN-c or a combination of both, and incubated with
increasing amounts of 6-CMMP (125–500 lM) for 48 h. After incu-
bation, the supernatants were collected and assayed for nitrite
determination using the Griess reagent. Each bar represents the
mean € standard deviation of sextuplicate cultures. Numerical data
on the top of the bars represent the percentage of NO production
inhibition in comparison with the non-6-CMMP-treated control.
*p < 0.05.
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of NO is important in response to the formation of radicals such as
superoxide, owing to the fact that they promote indirect oxidative
damage in biological systems and cytotoxic action against cells in
culture (24). Thus, the use of exogenous modulators becomes
necessary.

Several drugs and plant extracts have been reported to modify NO
production by murine macrophages (25–28). Herein, 6-CMMP exhib-
ited this property at all concentrations and it performed significantly
in a dose-dependent manner when macrophages were activated by
IFN-c, showing pronounced effects at 500 lM. In general, when
macrophages are overstimulated by cytokines such as IFN-c, there
is an excessive production of NO which leads to cytotoxic effects
and reduced cell viability (29). In this context, 6-CMMP controlled
proliferative effects and sustain macrophage viability, suggesting
that at least in part, it interferes with NO synthesis pathway in
which IFN-c acts like a stimulus. Similarly, diminished NO produc-
tion was observed when BCG plus IFN-c stimuli were applied, espe-
cially at the highest concentration. Such combination of stimuli
were used to simulate an immune response in vivo where the IFN-c
produced by T lymphocytes acts on macrophages, producing NO
and other mediators so that they may engulf and ingest micro-
organisms or foreign bodies, including M. bovis (30). The BCG stim-
ulus only was not sufficient to lead to NO production in contrast to
marked macrophage proliferation noted at all concentrations used.
It suggests not only that the presence of IFN-c is highly required so
that 6-CMMP reduces NO production but also that the pathway by
which this compound acts on NO levels is different from cellular
proliferation pathway when BCG stimulus is applied. The character-
istics demonstrated by 6-CMMP are appropriate for decreasing NO
overproduction in inflammation processes, which may avoid the tis-
sue damage and the carcinogenic action of free radicals (24,31). It
may be pointed out therefore that 6-CMMP might act as an anti-
inflammatory agent.

Many of the responses of the immune system initiate the destruc-
tion and clearance of invading organisms and any toxic molecules
produced by them and, as a result, a large consumption of neu-
trophils, macrophages and lymphocytes takes place (32). In this
way, the increase of cell survival, abrogation of programmed cell
death or induction of proliferation might become essential. Several
cytokines generated throughout the innate and adaptive immune
reactions such as granulocyte ⁄ macrophage colony-stimulating factor
and macrophage colony-stimulating factor stimulate the prolifera-
tion, growth and differentiation of progenitor cells from bone mar-
row (33,34). The immune and inflammatory conditions therefore
lead to the production of new leukocytes, which will replace those
which were damaged in these processes.

In this study, the 6-CMMP was found to stimulate cell proliferation
after different stimuli, suggesting no cytotoxicity effects. As
observed on NO production, potential anti-inflammatory effects of
the 6-CMMP were also pronounced when IFN-c stimulus was
applied. This cytokine is involved in the regulation of immune and
inflammatory responses and its inappropriate production can lead to
autoimmune disorders (35). Interestingly, 6-CMMP was shown to
have no effect on J774A.1 cells submitted to IFN-c plus BCG stim-
uli. In this context, although proliferative events were not observed,
this compound was capable of maintaining viability of IFN-c plus
BCG-activated macrophages at all concentrations used. Accumulat-
ing evidence has indicated that the expression of enzymes such as
heme oxygenase-1 in macrophages is an element of the repair pro-
cesses that occur during the resolution of inflammation leading to
healing and tissue repair (36). In this context, the ability of
6-CMMP to sustain cell viability and to stimulate proliferation might
become of great relevance.

Conclusions and Future Directions

Taken together, these data suggest that 6-CMMP might function as a
potential anti-inflammatory agent not only by downmodulating NO
production but also by maintaining cell viability of macrophages. Addi-
tionally, owing to the sustained NO generation by macrophages
endowing them with cytostatic and cytotoxic characteristics, this com-
pound becomes especially important in the resolution of immune
reactions and its homeostasis. Moreover, other analogs of the 6-al-
kylthiopurines should be synthesized so that a full structure–activity
relationship (SAR) study can be done. Further studies in vitro and
in vivo are required to assess the pharmacokinetic properties as well
as others immunologic and biochemical activities of 6-CMMP, includ-
ing its action on phosphoribosylpyrophosphate amidotransferase in
order to better understand its therapeutic value.

Experimental Section

Material and methods

6-CMMP preparation
The 6-CMMP can be prepared by two methods. Method A:
6-MP.H2O (5 g, 29.3 mmol) in 60 cm3 1 N NaOH was treated with
ClCH2CO2H (3 g, 31.9 mmol) and heated to boiling for 15 min, after
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Figure 4: Cell viability and proliferation of J774A.1 macrophages
treated with 6-CMMP. Cells were stimulated with BCG (20 lg ⁄ mL)
and ⁄ or IFN-c (0.6 ng ⁄ mL) and incubated with 125–500 lM 6-CMMP
for 48 h. Each bar represents the mean € standard deviation of
sextuplicate cultures. Numerical data on the top of the bars repre-
sent the percentage of proliferation in comparison with the control.
*p < 0.05.
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which the reaction mixture was acidified with 13 cm3 2N HCl over
1 h, chilled, filtered and the residue (4.55 g) was recrystalized from
1 L boiling H2O to gave 3.7 g (60% yield) of 6-CMMP (37). Method
B: as previously described (3).

Macrophage culture and in vitro treatment
Macrophages from the J774A.1 cell line were cultured in sextupli-
cate in 25 cm3 flasks in RPMI-1640 medium, supplemented with
5% heat-inactivated fetal bovine serum (FBS), 2 mM L-glutamine,
100 U ⁄ mL penicillin and 100 lg ⁄ mL streptomycin (RPMI 5%), in a
humidified incubator, at 37 �C and 5% CO2 atmosphere. Cells were
added (1 · 106 cells ⁄ mL) to 96-well microtiter plates (100 lL ⁄ well)
and they were stimulated with BCG (20 lg ⁄ mL; FundaÅ¼o Athaul-
pho de Paiva, RJ, Brazil) and ⁄ or IFN-c (0.6 ng ⁄ mL). Increasing
amounts of 6-CMMP (0–500 lM) were added simultaneously to the
culture medium. After 48 h incubation, the cells were used to
assess the proliferation and cellular viability, and their supernatants
were harvested for NO3

) and NO2
) determination.

Determination of NO production
The production of NO was estimated from the accumulation of
NO3

) and NO2
) in J774A.1 supernatants using the Griess reagent,

as previously described (18,31). Briefly, equal volumes (100 lL) of
nitrite samples for standard curve and Griess reagent (1% sulpha-
nilamide plus 0.1% a-naphtylamine (v ⁄ v) in 2.5% phosphoric acid)
(Sigma Chemical Laboratories, St Louis, MO, USA) were mixed and
incubated at room temperature for 10 min. The absorbance values
were measured at 540 nm using a microplate reader and the
results were expressed as an optic density. When statistically sig-
nificant, the results were also expressed in percentage of the NO
production inhibition in comparison with controls.

MTT assay for cellular viability and
proliferation
Cell viability and proliferation of 6-CMMP-treated J774A.1 cells
stimulated with IFN-c and ⁄ or BCG were evaluated by the 3-(4, 5-
dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide (MTT) assay
(38). Briefly, cells were incubated in 96-well plates for 4 h with
10 lL of 5 mg ⁄ mL MTT (Sigma) in 90 lL of 5% RPMI, after collect-
ing supernatants for NO measurement. The insoluble purple parti-
cles were solubilized in 0.1 N HCl in isopropanol and the
absorbance was measured at 570 nm (OD570). The OD570 values
obtained from supernatants of the cells cultured with BCG or IFN-c
or both, and 6-CMMP were considered to be experimental condi-
tions, whereas the OD570 values obtained for samples cultured with
5% RPMI only were considered as controls. When statistically sig-
nificant, the cell viability results were also expressed in percentage
of proliferation in comparison with controls.

Statistical analysis
Statistical analysis was done using two-way ANOVA and Bonferroni
correction as a post-test. The obtained results were reported as the
mean € standard deviation and the levels of p < 0.05 were chosen
as the statistical significance criteria.
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