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Intracellular NO Concentration and Its Changes
in Carcinoma Cells and Cultured Human Endotheliocytes
under the Influence of Inhibitors and Inductors

of Nitric Oxide Synthases
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We carried out cytophotometric evaluation of NO content in cells expressing various
types of NO synthases. Endogenous production of NO can be modified by NO synthase

inductors and inhibitors.
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NO is a radical produced by various cells from L-
arginine in complex oxidative reactions catalyzed
by NO synthases (NOS). The role of free radicals
in the regulation of signal transduction and other
biological functions remains poorly studied due to
difficulties in quantitative evaluation of these agents
under physiological conditions [9]. Online moni-
toring of NO concentration in living cells is dif-
ficult, because it is a short-living (6-10 sec) and
highly reactive compound, which reacts with O,
molecule, superoxide anion, and metals ions of
alternating valence. NO concentration in living cells
is measured with fluorescent indicators of NO, in-
cluding 4,5-diaminofluorescein diacetate (DAF-2-
DA) [6,7]. This indicator easily penetrates into cells,
ester bonds of this substance are hydrolyzed by
intracellular esterases with the formation of a rela-
tively nonfluorescent membrane-impermeable DAF-
2. Rapid, irreversible, and concentration-dependent
interaction of DAF-2 with NO in the solution yields
highly fluorescent triazolfluorescein (DAF-2-T).
DAF-2-T is formed only in the presence of NO.
Stable nitrogen oxides, including NO,~ and NO,,
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reactive oxygen species O,, H,0,, and ONOO— do not
react with DAF-2 [7]. The specificity and high sen-
sitivity of NO-reactive fluorescent indicators allow
us to perform online motoring of intracellular NO
concentration.

This work was designed to perform a cyto-
photometric study of intracellular NO using DAF-
2-DA. The type of NOS responsible for NO pro-
duction was estimated. We evaluated whether endo-
genous NO production can be regulated by NOS
inductors and inhibitors.

MATERIALS AND METHODS

Experiments were performed on human ECV 304
endotheliocytes and carcinoma HeLa cells expres-
sing endothelial (eNOS) and inducible NOS (iNOS),
respectively. The cells were cultured in modified
Eagle medium (ICN) containing 10% fetal bovine
serum (Biolot) and gentamicin. DAF-2-DA (ALEX)
served as a fluorescent indicator of NO.

For NO induction we used *H-thymidine in low
concentration (0.066 MBg/ml). Long-term treat-
ment with *H-thymidine (irradiation on low doses)
induced iNOS in various cell types [5,11].

Aminoguanidine (Ferak), N®-nitro-L-arginine
methyl ester (L-NAME, Sigma), and inactive iso-
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mer N@®-nitro-D-arginine methyl ester (D-NAME)
served as NOS inhibitors. Aminoguanidine is a
specific iNOS inhibitor, which inhibits all 3 types
of NOS. D-NAME was used as an additional control.

The cell suspension was studied on a cytofluo-
rometer constructed at the Department of Molecular
and Radiation Biophysics (B. P. Konstantinov Pe-
tersburg Institute of Nuclear Physics) [10].

For cytometry, the cells were incubated in Car-
rel flasks in the presence or absence of *H-thymi-
dine and were examined after 48 h. Aminoguani-
dine, L-NAME, and D-NAME were added to the
nutrient medium 2 h before fixation. The cell mono-
layer was harvested with Versene. The cell suspen-
sion was incubated in the presence or absence of
DAF-2-DA (0.01-1.00 pg/ml) at 37°C. The time of
incubation varied from 15 min to 1 h. Nine inde-
pendent experiments were performed to develop
the conditions optimal for measurement of green
fluorescence (selection of filters and minimization
of the effect of scattering) and vital study of endo-
genous NO in cells (concentration of a staining
agent, time of incubation, conditions of incubation,
and time of recording). Fluorescence was recorded
in the half-logarithmic scale. The difference of 40,
30, 20, and 10 channels corresponded to variations
in NO concentration by 2, 1.6, 1.41, and 1.19 times,
respectively.
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RESULTS

The peaks of green fluorescence (510 nm) were
determined by the formation of DAF-2-T after 15-
min incubation of cells with 0.5 ug/ml DAF-2-DA
(Fig. 1, a). Fluorescence of Hela cells was 1.4 times
higher compared to that of ECV 304 cells, which
confirmed the hypothesis that HeLa cells express
iNOS. Fluorescence peak observed in ECV 304
cells confirmed high sensitivity of the method, which
allowed us to detect low concentration of NO pro-
duced by eNOS. ECV 304 cells incubated in the
absence of the dye did not fluoresce in this range
of the spectrum, which excluded the contribution
of scattering into the fluorescence peak. Fluores-
cence significantly increased after 30-min incuba-
tion of HeLa cells in a medium with *H-thymidine
(0.066 MBg/ml). Four independent experiments
showed that the fluorescence peak is shifted by 30
channels. The data showed that fluorescence and,
therefore, intracellular NO concentration increased
by 1.5 times. It can be hypothesized that low doses
of B-radiation induced NO production in cells. Fluor-
escence decreased by 60 channels after 2-h pre-
treatment of HelLa cells with 0.07 mM L-NAME.
These changes correspond to 3-fold decrease in
intracellular NO concentration. A selective iNOS
inhibitor aminoguanidine and L-NAME decreased
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Fig. 1. Fluorescence of DAF-2-T in HeLa and ECV 304 cells. Basal NO level in cells after incubation in the presence or absence of DAF-
2-DA (a); decrease in NO concentration in HelLa cells after 60-min incubation in the medium with L-NAME or aminoguanidine (b); increase
in NO concentration after incubation of HelLa cells with *H-thymidine and decrease in NO concentration after 60-min incubation of cells
in the medium containing L-NAME, aminoguanidine, and D-NAME (c); no changes in NO concentration in ECV 304 cells after 60-min
incubation in the medium with L-NAME, D-NAME, and ®H-thymidine (d).
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the intensity of fluorescence. The fluorescence peak
was shifted by only 30 channels after pretreatment
of cells with 0.07 mM D-NAME (2-fold lower com-
pared to the effect of L-NAME). The decrease in
fluorescence intensity after cell treatment with inac-
tive isomer of NOS inhibitor suggests that the de-
crease in intracellular NO concentration is realized
via both enzymatic (inhibition of NOS activity) and
nonenzymatic pathways (radical trapping). L-NAME
and D-NAME serve as free radical-trapping agents.
Since L-NAME inhibits NOS, this compound is more
potent in regulating intracellular NO concentration [8].

Pretreatment of ECV 304 cells with L-NAME,
D-NAME, or aminoguanidine in a concentration of
0.07 mM had little effect on fluorescence (Fig. 1,
d). Increasing the concentration of L-NAME to
3 mM was accompanied by a decrease in fluor-
escence of ECV 304 cells. However, these changes
were less pronounced compared to HeLA cells.
Published data show that L-NAME in millimolar
concentrations primarily acts as a radical-trapping
agent [8]. Our previous studies showed that L-NAME
produces a radioprotective effect. It was estimated
from the incidence of chromosome aberrations in
human carcinoma HeLa cells and Chinese hamster
V-79 fibroblasts irradiated with various doses of
¥Cs y-quanta, '*C B-particles, and fission neutrons.
The absence of radioprotective activity of D-NAME
suggests the existence of a NO-dependent mecha-
nism for modification of cell radiosensitivity [1,3].
Radioprotective properties were also typical of se-
lective iNOS inhibitor aminoguanidine. NOS inhi-
bitors produced no radioprotective effect in human
ECV 304 endotheliocytes [2]. These data confirm
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our hypothesis, since endotheliocytes belong to
NO-resistant cells [4]. A direct correlation probably
exists between variations in intracellular NO con-
centration and modifiability of the radiation effect
in cell genetic structures. Different effectiveness of
endogenous NOS inhibitors is probably associated
with activity of the system for regulation of high-
reactivity NO derivatives in these cell lines.
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