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Environment pollution by carcinogens results in car-
cinogenesis and tumor promotion in many species of liv-
ing organisms including human beings. Nitric oxides (NOx)
are the major air pollutants possessing high nitrosative
and genotoxic potential. Upon exogenous formation,
mainly nitric monooxide (NO) is generated. In atmosphere
it is oxidized to nitric dioxide which is toxic with adverse
health effects. NO participates in a variety of biological
processes as a messenger, regulator and cytotoxic agent.
Overproduction of NO has been implicated as a patho-
logical factor in several forms of chronic human diseases,
including cancer. NO action is related to the development
of nitrosative stress, namely in nitrosation of biological thi-
ols, peptides, proteins resulting in alteration of their activ-
ity and in generation of carcinogenic nitrosocompounds
in vivo [1]. NO easily reacts with other free radicals thus
causing or their detoxication, or generation of extremely
toxic forms [2]. Whilst endogenous NO is a factor of re-
sistance against infectious agents, its effects are nonspe-
cific. Hyperproduction of NO may cause damage of NO-
producing tissues/cells [3]. In high concentrations NO in-
activate enzymes, causes single-strand breaks of DNA
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and inhibits synthesis of DNA and protein [4–6], plays
important role in apoptosis [7].

Alveolar epithelium is under constant influence of exo-
genous and endogenous reactive forms of oxygen and
NO. Neutrophiles and macrophages may generate NO
upon inflammation. It was reported that excessive syn-
thesis of NO by alveolar macrophages, epithelial and
endothelial cells along with NO inhalation resulted in ni-
trosative and oxidative stress accompanied by the pro-
duction of reactive intermediate forms of oxygen and ni-
trogen [8]. An accumulation of NO may result in increased
apoptosis of lymphocytes and macrophages and respec-
tive development of immune deficiency [9, 10]. Further-
more, NO influences the level of free radicals in the or-
ganism. For this reason, we examined the activity of iso-
forms of xanthine oxidoreductase (XOR) upon NO
inhalation. XOR is a complex molybdoflavoprotein iden-
tified as a terminal enzyme of purine catabolism, cata-
lyzing the hydroxylation of hypoxanthine to xanthine and
of xanthine to urate. The mammalian enzyme exists in
two interconvertible forms, xanthine dehydrogenase
(XDH; EC 1.1.1.204), which reduces NAD+, and xan-
thine oxidase (XO; 1.1.3.22) reduces molecular oxygen
and yields superoxide and hydrogen peroxide [11].

XOR is playing an important role in maintaining the
balance of free radicals, takes part in NO circulation, in
particular, it catalyze the reduction of nitrates to nitrites
[12] and nitrites to NO [13, 14], organic nitrates — to
inorganic nitrites, and organic nitrites — to NO [15]. At
normal condition, XDH isoform predominates in vivo,
producing potent antioxidant — uric acid [16]. Activa-
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tion of XO isoform results in overproduction of the su-
peroxide radicals in tissues and may cause intensifica-
tion of lipid peroxidation (LPO) [17].

The cytotoxic action of NO may be related to per-
oxynitrite (ONOOH) production [18] — powerful nitro-
sative agent with higher reactivity then NO or superox-
ide radical [19]. Peroxynitrite can be produced by XOR
itself thus activation of the enzyme in the presence of
NO may result in increased peroxynitrite synthesis [20].

XOR may participate in the decomposition of S-ni-
trosothiols generated upon NO inhalation. In aerobic
conditions, the S-nitrosothiols decomposition is accom-
panied by peroxynitrite generation [21].

Free radical products of nitric monoxide and diox-
ide are able to damage proteins and unsaturated fatty
acids, alter the activity of some enzymes, damage the
integrity of cell membranes, inhibit electrons transport
in mitochondrial respiratory chain, decrease ATP level
in blood and tissues of mammals, oxidize hemoglobin
and take part in the generation of hemoglobin-NO con-
formers. These compounds possess mutagenic, car-
cinogenic and teratogenic activity [18, 22].

On the cellular level, the nitrosative stress caused
by long-term NO inhalation or/and its endogenic syn-
thesis may be linked to regulation of cell growth and
apoptosis inhibition and as well in the pathogenesis of
some human diseases including cancer [7]. The influ-
ence of exogenous NO on the development of tumor
may be mediated by its action on the systems of anti-
tumor resistance. Yet, the influence of nitrosative stress
caused by the action of exogenous NO on the immune
status of the organism under normal condition and upon
tumor development remained poorly studied.

In this study, the role of exogenous NO in the mod-
ulation of antitumor resistance in vivo has been evalu-
ated. The prolonged action of NO on growth charac-
teristics of Guerin carcinoma (GC), activity of XOR iso-
forms and LPO level and functional activity of immune
system of GC-bearing rats was investigated.

MATERIALS AND METHODS
Adult male rats (140–160 g) bred in the vivarium of

R.E. Kavetsky Institute of Experimental Pathology, Onco-
logy and Radiobiology, NAS of Ukraine (Kyiv, Ukraine) were
used. All animals procedures were carried out according to
the rules of local Ethic Comittee. The animals were devi-
ded into four groups: 1) intact control; 2) animals that in-
haled NOx for 1 month (16 h per day, average NOx con-
centration — 150 mg/m3 of air); 3) animals were inoculated
with suspension of GC cells; 4) animals were inoculated
with GC cells after NO treatment. GC transplantation was
performed by intracutaneous injection in the thigh of 0.5 ml
of physiologic solution containing 2.2 õ 106 GC cells.

Tumor growth dynamics was characterized by fre-
quency of tumor appearance (% of tumor bearing ani-
mals per group), latent period of tumor growth (calculated
according to [23]) and tumor volume (Y, in mm3) at differ-
ent terms of observation calculated by equation: Y = X1 ·
X2 · X2 · π : 6, where X1, X2,  X3 are length, width and depth
of tumor. The results were statistically analyzed using two
factorial dispersion analysis (factors — “duration of tumor

growth” and “NO effect”) [24]. In order to compare inten-
sity of tumor growth in different groups, the ratio of tumor
volume in NO treated to untreated rats was calculated
and expressed in % at different terms of observation.

Inhalation treatment of animals with NO was carried
out in 0.1 m3 chamber equipped with device for input of
purified gaseous NO mixed inside with air. Air circulation
inside the chamber was performed with speed allowing
triple replacement of gas per h. NOõ concentration at the
chamber’s output was 150 mg/m3 of air, 40% corresponds
to NO and 60% — NO2 of their total content. Concentra-
tion of NOx was expressed in mg of NO per m3 of air.

The control of NO content in the inhalation cham-
ber was performed by passing the gas through traps
with solutions of potassium iodide and potassium per-
manganate with following determination of nitrites [25]
and nitrates [26].

Nitric monoxide was obtained in the reaction of 20%
FeSO4 with concentrated HCl and 40% sodium ni-
trite [27]. NO content was determined with the use of
the system “gas chromatograph — thermal energy ana-
lyzer (ÒÅÀ)” [28].

Immediately after NO treatment and on the days
12–14 (early term) and 18–20 (late term) after tumor
transplantation, animals were sacrificed. The samples
of tumor tissues were frozen in liquid nitrogen until LPO
estimation.

Total XOR activity and activity of XO were examined in
post-mitochondrial fraction of tumor tissue [29]. Activity of
XDH was calculated by the difference between XOR and
XO activity, results were expressed in nM of uric acid per
mg of total protein after 1 h incubation (nÌ/mg/h). Total
protein concentration was determined according to [30].

Intensity of LPO was evaluated by spontaneous accu-
mulation of malonic dialdehyde (MDA) and expressed in
nM of MDA per g of tissue per h (nM/g/h) [31]. Because
tumor samples possess opalescence, they were addition-
ally purified by 0.75 ml ethylacetate and centrifugation for
10 min at 3000 g prior to conduct thiobarbithuric reaction.

Isolation of lymphoid cells from thymus, spleen and
peripheral lymph nodes and isolation of cells of monocyt-
ic line from abdominal cavity was performed by routine
methods. The relative organ’s weight (in mg/g of body
weight) and the number of cells per mg of organ’s weight
were determined. The calculation of the number of viable
cells was performed using thrypane blue staining [32].

Determination of spontaneous proliferative activity of
nonstimulated lymphocytes from peripheral lymph nodes
(PANSL) in vitro and lymphocytes from lymph nodes in
response for administration of Concanavalin A (ConÀ,
Sigma, USA) in vivo (BTLR) was performed by radio-
metric assay [33]. ConÀ was injected in a foot of front
leg at a dose of 100 µg in 0.05 ml of physiologic solution
(as a control, 0.05 ml of physiologic solution were inject-
ed in other front leg), and 48 h later regional (close to the
injection sites) lymph nodes were resected, weightened,
cell suspensions were prepared and cell number count-
ed. Cell suspensions (106 cells x ml-1) in RPMI-1640
medium supplemented with 10% fetal calf serum (FCS)
were incubated with 3Í-thymidine (18.5 õ 104 Bk) for 3 h
(37 îÑ, 5% ÑÎ2). The cells were washed, treated with
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5% threechloroacetic acid and fixed with ethanol on Mil-
lipore filters. Radioactivity was counted (scintillation
counter Beckman, USA) and expressed as cpm per 106

cells. BTLR index was counted as follow:

BTLR index = cpm of experimental group – cpm of control group õ 100%.
                       c p m  o f  c o n t r o l  g r o u p

Determination of macrophages activity was done by
tetrazolium nitroblue test (NBT) [34]. Cell suspensions (4 õ
106 x ml-1) were prepared on culture medium 199 with
10% FCS, equal volumes (0.1 ml) of suspensions were
mixed with tetrazolium nitroblue (Ñhemapol), prepared ex
tempore (2 mg/ml of distilled water).  The samples were
incubated for 40 min at 37 îÑ and 20 min at 20–21 îÑ,
and then the cells were concentrated by centrifugation,
and stained by the method of Romanovsky. In each sam-
ple, 100 peritoneal macrophages (PM) were counted as
follows: 0 — cells without diformazan granules; 1 — 5–
7 granules in cytoplasm; 2, 3 — granules occupy less than
30% or 50% of cytoplasm, respectively; 4 — cytoplasm is
occupied by granules at 50–100%, nuclei are contoured;
5 — nuclei are not contoured (100% occupation with gran-
ules). Cytochemical index of activity (CIA) was calculated
by equation: CIA = Σab/100; where a — sequential num-
ber of group, b — number of cells in that group.

Cytotoxic activity of natural killer cells (NK) was
determined in vitro by radiometric assay [34, 35]. NK
cells were isolated from spleen and cell suspensions
with viability higher then 80% were used. NK-sensitive
Ê-562 cells were used as target cells, after labeling
with 14Ñ-protein hydrolyzate or 3Í-aminoacid mixture
(Amersham, UK) (18.5 x 104 Bk/ml culture medium).
The ratio between effectors cells and target cells was
1/50; duration of coincubation was 18 h. Index of cyto-
toxicity (CI) was determined as follow:

CI = cpm of experimental group — cpm of control group õ 100%.
                  c p m  o f  c o n t r o l  g r o u p

Statistical analysis was carried out using Student’s
t-criteria and Fisher’s F-criteria [36].

RESULTS
The rate of effective transplantation of GC cells to ex-

perimental animals yielded 100% in group 3 (18/18, ad-
justed for van der Warden correction 95.0 ± 4.8%) and
84.6 ± 10.0% in group 4 (11/13, adjusted for van der War-
den correction 80.0 ± 10.0%). The latent period of tumor
development in intact rats or after NO treatment was 5.3 ±
0.2 and 5.9 ± 0.4 days, respectively. Taking into account
the number of animals per group, the difference between
these indices was nonsignificant (p < 0.1) and showed only
the tendency of NO influence on initial stages of tumor ap-
pearance and promotion of tumor growth beginning from
day 12 after GC transplantation. At the end of experiment,
the significant increase of tumor volume was registered in
NO treated rats as compared to group 3 (Fig. 1).

Application of two factorial dispersion analysis has
revealed that tumor growth significantly depends not
only on the factor “duration of tumor growth” (72% con-
tribution in total dispersion of data base), but also on
the combined action with factor “NO effect” (6% impact
in total dispersion of data base).

The effect of exogenous NO resulted in notable de-
crease of relative weight and cell number of peripheral
lymph nodes but didn’t influence these indexes in spleen
and thymus (Table 1). The study of functional activity of
different effector cells of antitumor resistance has shown
that activity of NK was low in intact animals and remained
nearly unaltered after NO treatment; activity of PM tend-
ed to increase (0.05 < ð <0,1), the level of DNA synthe-
sis in nonstimulated lymphocytes from peripheral lymph
nodes remained unaffected, but the response of lym-
phocytes from peripheral lymph nodes on polyclonal T-
mitogen was sharply decreased (see Table 1).

The dynamics of immunological indexes alterations
after GC transplantation in rats is shown on Fig. 2 and
3. The relative weight of thymus significantly decreased
(2.2 fold; ð ≤ 0.05 compared to control group); cell num-
ber of thymus (but not spleen) and peripheral lymph
nodes decreased 1.3 fold compared to group 1; func-
tional activity of NK cells and PM tended to increase
(by 66% and 72% respectively compared to group 1);
PANSL and the level of response of lymphocytes on
ConA notably increased (Table 2) at early term of tu-
mor growth. These results suggest that GC transplan-
tation was accompanied by activation of nonspecific
and specific processes of antitumor immunity.

Along with tumor progression at late term, the relative
weight of thymus continued to decrease (p < 0.05), com-
pared to early term; the cell number of thymus and lymph
nodes remained significantly decreased compared to in-
tact animals (p < 0.05); spleen indexes remained nearly
unaltered (see Fig. 2, 3); activation of NK cells and PM
was statistically significant compared to group 1 (see Ta-
ble 2); PANSL remained increased at the same level as
that at the day 12; BTLR index on T-mitogen was de-
creased by 22% compared to day 12 (see Table 2). These
data point on the fact that at late term of GC growth the
functional activity of effector cells of nonspecific resistance

Table 1. The effect of exogenous NO on immunological profile of rats 

Index  Control NO 
spleen 5.48 ± 0.38 7.41 ± 1.08 
thymus 3.36 ± 0.49 2.79 ± 0.21 

Relative weight of organ (õ 10-3), 
mg per g of body weight 

Lymph nodes 1.08 ± 0.14 0.62 ± 0.06* 
spleen 0.73 ± 0.07 0.61 ± 0.08 
thymus 2.89 ± 0.28 2.35 ± 0.12 

Cell number (õ 106) per mg 
of organ weight: 

Lymph nodes 0.55 ± 0.03 0.41 ± 0.03* 
PANSL in vitro, cpm  1314.0 ± 64.5 1544.0 ± 113.9 
Index of BTLR for ConÀ in vivo, %  57.9 ± 14.1 9.5 ± 6.6* 
CI of NK cells in vitro, %  6.8 ± 0.7 7.5 ± 2.2 
CIA of PM, %  6.9 ± 0.7 10.0 ± 1.8 
Notes: *p < 0.05 compared to control group. 

Fig. 1. The ratio of tumor volume in NO treated to untreated rats
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was significantly increased, T-lymphocytes were activat-
ed, however their functional reserve was lowered.

Tumor development in NO-pretreated rats was ac-
companied by marked decrease of relative weight of
lymphoid organs compared to groups 1 and 3. In par-
ticular, on day 12, the relative weight of thymus and
peripheral lymph nodes decreased 2.9 fold and 2 fold
(compared to group 1), of the spleen — 1.5 fold (com-
pared to group 3), whilst cell number of these organs
was nearly equal to that in group 3 (see Fig. 2, 3), func-
tional activity of PM was 4.9 fold higher than in group 1
(p < 0.001) and 3 fold higher than in group 3 (p < 0.001).
This date show that GC growth after NO inhalation re-
sulted in remarkable activation of PM. Cytotoxic activ-
ity of NK cells in group 4 was similar to that in group 3,
PANSL and BTLR to ConA were significantly decreased
(2 fold and 2.3 fold respectively, p < 0.05).

At late term of GC growth after NO pretreatment,
the indexes of weight and cell number of thymus and
lymph nodes remained nearly unaltered compared to
these at early term, but cell number of spleen decreased
(see Fig. 3). Activity of PM in NBT-test was the highest
among experimental groups pointing on their prolonged
hyperactivation; NK activity didn’t differ from that in
group 3; PANSL and BTLR continued to decrease com-
pared to their values at early term (0.05 < ð < 0.1) and
were significantly lower than in group 3  (see Table 2).

In tumor tissue, XOR exhibited basal activity of 220.36 ±
48.01 nM/mg/h for untreated rats (Fig. 4) at early term of
GC growth with apparent domination (96.2%) of XDH iso-
form. At late term of GC growth, total XOR activity in GC
cells raised 2.2 fold, but part of XDH was decreased (86.6%)
due to larger contribution of XO. Tumor growth after NO
treatment showed marked decrease of XOR activity com-
pared to group 3 (3.3 fold and 15.8 fold at days 12 and 20
respectively) along with alteration of the XO/XDH ratio. At
the same time, the contribution of XDH isoform in total ac-
tivity decreased from 43.8% to 26.8%.

The level of LPO in tumors of rats pretreated with
NO was significantly decreased at late term of GC
growth and yielded 10.61 ± 1.44 nM/g/h versus 36.60 ±
3.20 nM/g/h in group 3.

DISCUSSION
The present study was designed to reveal the ef-

fect of exogenous NO on antitumor resistance of rats
and the involvement of immune system, XOR and LPO
activities in this process. Prolonged inhalation of NOx

significantly changed the kinetic of GC growth in ani-
mals and this appears to be a two stages process (see
Fig.1). First stage begins after persistent NO action as
a consequence of nitrosative stress. Upon inhalation
or endogenous formation, NO are converted predomi-
nantly into nitrites then oxidized into nitrates but also
S-nitrosothiols can be formed. Considering the toxicity
of NO metabolites, this may be a reason for less effec-
tive GC transplantation and the increase of latent peri-
od of tumor development. Second stage is characteri-
zed by significantly promoted tumor growth in NO treat-
ed rats at late term after GC transplantation.

Prolonged NO inhalation resulted in negative alter-
ation of thymus and peripheral lymph nodes thus de-
creasing the formation of adaptive immune response
in experimental animals. The activity of effectors of
natural resistance (NK and PM) was virtually unaffect-
ed and in case of PM even tended to increase.

It is known that upon toxic influence of different agents,
the compensatory activation of monocyte/macrophage
effector cells of the immune system occurs [37–39]. The

Table 2. Functional activity of lymphocytes from peripheral lymph nodes, PM and cytotoxic activity of NK cells 

Index Control NO GC, 12 days NO + GC, 12 days GC, 18 days NO + GC, 18 days 
PANSL in vitro, cpm 1314.0 ± 64.5 1544.0 ±113.9 3533.5 ± 639.11 1879.0 ± 209.61,3 3460.0 ± 158.31 1637.6 ± 138.43 
Index of BTLR for ConÀ in vivo, % 57.9 ± 10.1 9.5 ± 3.61 155.1 ± 15.11 66.3 ± 14.12,3 121.4 ± 24.31 36.4 ± 14.62,3 
CI of NK cells in vitro, % 6.8 ± 1.8 7.5 ± 2.2 11.7 ± 2.5 12.6 ± 2.3 24.3 ± 2.61 24.4 ± 3.91,2 
CIA of PM, % 6.9 ± 0.7 10.0 ± 1.8 11.5 ± 2.6 33.8 ± 2.51,2,3 19.8 ± 1.21,4 38.3 ± 5.41,2,3 
Notes: p < 0.05 compared to control group (1); NO group (2); GC group (3); GC group, day12 (4). 

Fig. 2. The effect of NO and GC growth on the relative weight of
lymphoid organs in rats

Fig. 3. The effect of NO and GC growth on cell number in lymphoid
organs in rats

Fig. 4. The activity of XOR isoforms in tumor tissue
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registered alterations in activity of immune system (chang-
es of weight and cell number of thymus, lymph nodes,
decrease of functional activity of lymphocytes from lymph
nodes) may reflect its reaction on nitrosative stress caused
by NO inhalation. Previous work has shown that inde-
pendently of agent that induced the stress, its obligatory
component is the increased glucocorticoid production
causing massive apoptosis of lymphocytes in thymus with
the next disturbance of intrathymic maturation of lympho-
cytes and their extrathymic recirculation [37]

The early term of GC growth was accompanied by
moderate activation of PM and NK cells and increase
of PANSL and BTLR indexes, reflecting a typical re-
sponse of the organism on tumor cell transplantation
[34, 39]. Observed high activity of XDH isoform was
accompanied by generation of significant amount of uric
acid (compound with known antioxidant properties [16])
in tumor tissue, and existence of unfavorable condi-
tions for production of superoxide and peroxynitrite as
a result of hypoxia in tumor.

NO pretreatment of GC-bearing animals resulted in
hyperactivation of PM (NBT activity was increased by
4.9–5.6 fold) compared to intact animals and simultaneous
progressive decrease of studied indexes of T-cells of im-
mune system along with tumor growth. The detected in-
crease of XO/XDH ratio in tumor tissue of NO treated rats
was possibly caused by inactivation of the enzyme due to
nitrosative stress. Increased presence of NOx due to in-
halation and hyperactivation of macrophages, along with
S-nitrosothiol formation and marked decrease in XDH
activity may result in the damage of tissues by free radical
forms and decrease of immune resistance correlating with
more intense tumor growth.

It is known that excessive activation of macrophag-
es results in hyperproduction of cytokines (IL-1, IL-4,
TNF) causing the shift of cytokine balance toward anti-
inflammatory/suppressor reactions [40]. Also, the stim-
ulation of the growth of experimental tumors upon sig-
nificant PM activation has been reported [41]. In partic-
ular, the decrease of spontaneous biosynthetic activity
and ability of T-lymphocytes for blast-transformation
have been demonstrated along with the high probabil-
ity of the disorder in the specific immune response for-
mation toward tumor-specific antigens [42]. According
to our data, simultaneous action of NO and tumor growth
may cause excessive activation of monocyte-macroph-
age cells thus resulted in their suppressor influence on
the reactions of T-cells of immune system. At the later
terms of GC development in NO treated rats, the ten-
dency for decrease of activity of NK cells, that may neg-
atively influence the course of the disease was revealed.
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ÂËÈßÍÈÅ ÝÊÇÎÃÅÍÍÛÕ ÎÊÑÈÄÎÂ ÀÇÎÒÀ ÍÀ ÑÎÑÒÎßÍÈÅ
ÏÐÎÒÈÂÎÎÏÓÕÎËÅÂÎÉ ÐÅÇÈÑÒÅÍÒÍÎÑÒÈ Ó ÊÐÛÑ

Öåëü: îöåíèòü âëèÿíèå ýêçîãåííûõ îêñèäîâ àçîòà (NO
x
) íà ñîñòîÿíèå ïðîòèâîîïóõîëåâîé ðåçèñòåíòíîñòè

êðûñ è àêòèâíîñòü ôåðìåíòíûõ ñèñòåì, âëèÿþùèõ íà óðîâåíü ñâîáîäíûõ ðàäèêàëîâ, â íîðìå è ïðè îïóõîëå-
âîì ðîñòå. Ìåòîäû: â êà÷åñòâå ýêñïåðèìåíòàëüíîé ìîäåëè îïóõîëåâîãî ðîñòà áûëà èñïîëüçîâàíà  êàðöèíîìà
Ãåðåíà (ÊÃ). Èçó÷àëè ÷àñòîòó ïðîâåäåíèÿ ïåðåâèâîê  è êèíåòèêó ðîñòà îïóõîëåé. Èíãàëÿöèþ NÎ

x
 ïðîâîäèëè

ïî 16 ÷ â äåíü â òå÷åíèå ìåñÿöà ïåðåä ïåðåâèâêîé ÊÃ. Èììóííûé ñòàòóñ õàðàêòåðèçîâàëè ïî ïðîëèôåðàòèâíîé
àêòèâíîñòè ëèìôîöèòîâ, ôóíêöèîíàëüíîé àêòèâíîñòè ìàêðîôàãîâ (ÌÔ),  öèòîòîêñè÷åñêîé  àêòèâíîñòè ïðè-
ðîäíûõ êèëëåðíûõ êëåòîê (ÏÊÊ) è ðåàêöèè áëàñòòðàíñôîðìàöèè ëèìôîöèòîâ ïðè ââåäåíèè êîíêàíàâàëèíà À
(ÐÁÒË). Â îïóõîëåâîé òêàíè îïðåäåëÿëè àêòèâíîñòü îêñèäàçíîé (ÊñÎ) è äåãèäðîãåíàçíîé (ÊñÄ) èçîôîðì
ôåðìåíòà êñàíòèíîêñèäàçû, à òàêæå óðîâåíü ïåðåêèñíîãî îêèñëåíèÿ ëèïèäîâ (ÏÎË). Ðåçóëüòàòû: ýêçîãåí-
íûå NÎ

x
 îêàçûâàëè ëèìôîòîêñè÷åñêîå äåéñòâèå íà Ò-çâåíî èììóííîé ñèñòåìû êðûñ. Ïåðåâèâêà æèâîòíûì ÊÃ

ñîïðîâîæäàëàñü àêòèâàöèåé  ÏÊÊ, ÌÔ è ñíèæåíèåì ïðîëèôåðàòèâíîé àêòèâíîñòè Ò-ëèìôîöèòîâ. Ñîîòíîøå-
íèå àêòèâíîñòè ÊñÎ/ÊñÄ â îïóõîëåâîé òêàíè ñîñòàâëÿëî 0,15. Äåéñòâèå NÎ

x
 ñîïðîâîæäàëîñü óñêîðåíèåì

òåìïà ðàçâèòèÿ îïóõîëåé ó ýêñïåðèìåíòàëüíûõ æèâîòíûõ, ñíèæåíèåì îòíîñèòåëüíîé ìàññû òèìóñà, ïåðèôå-
ðè÷åñêèõ ëèìôàòè÷åñêèõ óçëîâ è ñåëåçåíêè ñîîòâåòñòâåííî â 2,9, 2 è 1,5 ðàçà; âîçðàñòàíèåì ôóíêöèîíàëüíîé
àêòèâíîñòè ÌÔ â 4,9 ðàçà; äîñòîâåðíûì ñíèæåíèåì áèîñèíòåòè÷åñêîé àêòèâíîñòè íåñòèìóëèðîâàííûõ ëèìôî-
öèòîâ è èíäåêñà ÐÁÒË ñîîòâåòñòâåííî â 2 è 2,3 ðàçà; ïîâûøåíèåì ñîîòíîøåíèÿ ÊñÎ/ÊñÄ â 18 ðàç (â îñíîâíîì
â ðåçóëüòàòå èíàêòèâàöèè ÊÑÄ); ñíèæåíèåì ÏÎË â 3,5 ðàçà. Âûâîäû: Äëèòåëüíîå äåéñòâèå ýêçîãåííûõ NÎ

x

íåãàòèâíî âëèÿëî íà Ò-çâåíî èììóííîé ñèñòåìû, âûçûâàëî ãèïåðàêòèâàöèþ ÌÔ è ñîïðîâîæäàëîñü óñèëåíèåì
ðîñòà ýêñïåðèìåíòàëüíûõ îïóõîëåé. Â îïóõîëåâîé òêàíè ðåçêî ñíèæàëàñü àêòèâíîñòü ÊñÄ è óðîâåíü ÏÎË.
Êëþ÷åâûå ñëîâà: ýêçîãåííûå îêñèäû àçîòà, ïðîòèâîîïóõîëåâàÿ ðåçèñòåíòíîñòü, êèíåòèêà ðîñòà îïóõîëåé,
êñàíòèíîêñèäîðåäóêòàçà, ïåðåêèñíîå îêèñëåíèå ëèïèäîâ, èìóííûé ñòàòóñ.
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