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Summary
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The effects of two chemical agents — sodium nitrite and phenobarbital (PB) applied separately or in
combination, on the activity of enzymatic components of monooxigenase system of hepatocytes, the
stability of liver lysosomes and peroxisomes as well as on the total activity of marker enzymes for
these structures were investigated in male rats.

Following the combined administration of both agents, the effects of sodium nitrite predominated.
Nitrite eliminated at a considerable extent the membrane-stabilizing effect of the barbiturate, de-
creased its activating influence on aniline hydroxylase and potentiated PB-induced activation on sys-
tems catalyzing lipid peroxidation.
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INTRODUCTION

There are numerous data indicating that
after the purposive treatment with a given
chemical agent, a combined rather than an
individual effect is detected because of the
unintentional pretreatment of humans or
animals with various environmental con-
taminants. The existing reports show that
the background is able to potentiate or
antagonize the effect of a tested substance.
In some cases, even an inversion of the
effect is observed (Pavlova er al., 1978;
Popov et al., 1990; Anjum & Shakoori,
1993; Dhawan & Goel, 1994; He &
Wang, 1995; Popov et al,, 1996; Liu et
al., 1998; Popova et al., 1999).

The endoplasmic reticulum (ER) is
one of the main sites of cells where the
metabolism of exogenic and endogenic
low-molecular substances takes place. The

monooxigenase system (MOS) is to a
great extent responsible for this biotrans-
formation (Conney, 1972; Mannering,
1972; Elves et al., 1985; Hodgson et al.,
1995; Koleva et al, 1999; Boll et al.,
2001). The activity of MOS as a whole or
of its components may change the effect
of chemical agents. Some MOS compo-
nents participate in lipid peroxidation, a
process that is activated under several
conditions and that impairs the structure
and function of membranes and of other
cellular components (Banerje et al., 1999;
Popova & Popov, 2002).

The existence of numerous unresolved
problems related to membrane stability
and to altered function of ER motivated
our interest to the effect of the combina-
tion sodium nitrite (NaNO,) and pheno-
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barbital (PB). These compounds are ap-
plied in several areas and are important
because of their versatile effect on the
organisms, so they have been and are still
intensively studied (Popov et al., 1979;
Langlois & Calabrese, 1992; Bruning-
Fann & Kaneene, 1993; Popov et al.,
1996; Meyer & Hoffmann, 1999; Mochi-
zuki et al, 1999; Pavlov et al., 1999; Pop-
ova, 2004).

Literature data (Conney, 1972; Popov
et al., 1979; Madhukar & Matsumura,
1981; Anjum & Shakoori, 1993; Meyer &
Hoffmann, 1999) demonstrate convinc-
ingly that PB is a strong inductor of en-
zymes, metabolizing different chemical
substances. It is also known that nitrites
are transformed into nitrosamines by en-
zymes, located in the ER (Paul & Illing,
1981), and that these products exert a
toxic (membrane-active, carcinogenic
etc.) influence (Popov et al, 1982; Po-
pova et al., 1982; Bradberry et al., 1994;
Popov et al., 1996; Griffin, 1997; Popova
etal., 1999).

That is why, in order to elucidate some
aspects of nitrate-nitrite effect, we per-
formed investigations using PB as an
agent, inducing an altered background
via its effect upon the functional activity
of the ER. The changes in some hepato-
cyte MOS components (aniline hydroxy-
lase and lipid peroxidation), in liver ly-
sosomes’ and peroxisomes’ stability and
the total activity of marker enzymes for
these structures were followed out.

MATERIALS AND METHODS

The studies were performed on 68 male
Wistar rats weighing 170-200 g at eutha-
nasia. During the experiment they were
housed at 20-24 °C, had free access to
drinking water and were fed with a com-
mercial food for this species.
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The rats were divided into 4 groups:
group 1 — controls (untreated); group 2 —
rats that received a food supplemented
with 0.3% NaNO, for 7 days (group 2a)
and 14 days (group 2b); group 3 — rats
that received PB solution by stomach tube
at 100 mg/kg using the following sched-
ule: days 1, 2, 3, 5 and 7 (group 3a) and
days 1, 2 and 3 and afterwards, every third
day up to day 14 (group 3b). The rats
from group 4 received food with NaNO,
as in groups 2a and 2b and were treated
with PB as in groups 3a and 3b (groups 4a
and 4b respectively).

At the end of each experimental pe-
riod, both control and experimental rats
starved for 12 h but had a free access to
drinking water. The euthanasia of all ani-
mals occurred via decapitation 48 hours
after the last treatment of experimental
rats with PB. The livers were obtained for
analysis. They were immediately put into
ice cold 0.25 M sucrose solution and ho-
mogenized in the same solution under
cooling regimen. Liver homogenates were
submitted to fractionation by differential
centrifugation (Popov, 1976; Popov et al,
1976) and were used for analysis of ER
enzymatic activities and the membrane
stability of lysosomes and peroxisomes.

The activity of some MOS compo-
nents of ER — aniline hydroxylase (AH)
and lipid peroxidation (LP) was deter-
mined. The AH activity was assayed in
post mitochondrial 20000 g supernatants
by the method described by Popov (1976)
and the enzymatic (NADPH-dependent)
and non-enzymatic (ascorbate-dependent)
systems, catalyzing LP — by a method
described by Popov (1976) and Popov et
al. (1976). The malonedialdehyde (MDA)
concentration was calculated using the
molar extinction coefficient 1.56 x 10’
cm’.mmol™ (Wills, 1969).
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The stability of lysosomes was evalu-
ated through the distribution of their
marker enzyme acid phosphatase (AP)
among the fractions obtained after the
differential centrifugation of tissue ho-
mogenates. The non-sedimentable and
“free” AP activities were determined. The
criterion rate of AP release after preincu-
bation of granule fractions in isotonic me-
dium (0.25 M sucrose) at 37 °C and pH 5
(0.1 M acetate buffer) was also used. The
AP activity (EC 3.1.3.2) was determined
by the method of Gianetto & De Duve
(1955). Peroxisome stability was assessed
on the basis of catalase distribution among
the homogenate fractions. The activity of
peroxisomal marker catalase (EC 1.11.1.
6) was assayed according to Cohen et al.
(1970).

The total activities of AP and catalase
in homogenate fractions were determined
in incubation media, containing Triton X-
100 (0.1% and 0.4% respectively). The
protein content of homogenate samples
was estimated by the biuret method (Po-
pov, 1972).

The statistical significance of changes
in treated rats was determined by means
of the Student t-test.

RESULTS AND DISCUSSION

Table 1 shows the changes in the activity
of AH after the treatment with agents
studied. After 1-week and 2-week treat-
ment with nitrite, the enzymatic activity
was insignificantly higher. The PB how-
ever, increased AH activity several times
(groups 3 and 4) . The differences vs the
controls were statistically significant
(P<0.05) when the drug was applied to
animals receiving usual food (groups 3a
and 3b). Another peculiarity was also pre-
sent: after a more prolonged treatment (16
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Table 1. Aniline hydroxylase activity in post-
mitochondrial supernatants obtained from rat
liver homogenates (mean + SEM)

ug p-AMP/
Groups mg protein/
20 min
1. Controls 0.60+0.06
(untreated) (n=9)
2a. NaNQO; in food for 0.64+0.06
7 days (n=5)
2b. NaNO, in food for 0.64+0.06
14 days (n=4)
3a. Treated with PB for 2.24+0.44%*
9 days (n=4)
3b. Treated with PB for 1.52+0.12*
16 days (n=4)
4a. NaNO, for 7 days + 1.52+0.12*
PB for 9 days (n=4)
4b. NaNO, for 14 days 1.40+0.16*

+ PB for 16 days (n=4)

The treatment with phenobarbital (PB) orally
at 100 mg/kg was as followed: by days 1, 2, 3,
5 and 7 (groups 3a and 4a) and by days 1, 2, 3,
and afterwards every third day until the 14"
(groups 3b and 4b). The euthanasia was done
48 h after the last treatment. “n” = number of
the separate experiments; p-AMP = p-ami-
nophenol; * P <0.01, ** P <0.05 vs controls.

days) (group 3b), the activating effect of
PB was less expressed than after a 7-day
treatment (group 3a).

The tested substances exerted an influ-
ence on systems that catalyzed the LP too
(Table 2). The effect of nitrite (groups 2a
and 2b) was comparatively low — NaNO,
only activated weakly the enzymatic sys-
tem after the 7-day treatment but not after
the 14-day one. In previous studies of
ours, we established that both nitrites and
nitrates were strong stimulators of LP.
This effect was however manifested after
amore prolonged treatment (20—60 days
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Table 2. Activity of the enzymatic (1) and nonenzymatic (2) systems, catalyzing lipid
peroxidation, determined in postmitochondrial supernatants obtained from rat liver ho-
mogenates (mean + SEM)

nmol MDA/mg protein/30 min

Groups 7-day experiment 14-day experiment

| 2 1 2

1. Controls 39.743.8 41.7+£5.8 28.2+3.8 34.6+10.3
(untreated) (n=9)
2a. NaNO, in food for 48.7+2.6 46.2+5.2 - -
7 days (n=5)
2b. NaNO, in food for - - 30.8+1.3 19.2+1.3
14 days (n=4)
3a. Treated with PB for 40.4+3.8 37.8+£3.8 - -
9 days (n=4)
3b. Treated with PB for - - 28.8+1.9 18.6+1.3
16 days (n=4)
4a. NaNQO, for 7 days + 54.5+4.5% 73.7+£5.8* - -
PB for 9 days (n=4)
4b. NaNO, for 14 days + - - 41.7+2.6* 26.3+2.6
PB for 16 days (n=4)

The experimental design is explained under Table 1. * P < 0.05 vs controls.

Table 3. Total activity of catalase and acid phosphatase in liver homogenates (mean +

SEM)
Catalase Acid phosphatase
Groups log 325 23, . ug Pi/mg protein/
0g—— mg protein 10 min

1. Controls 5.20+0.097 10.95+0.68
(untreated) (n=9)

2a. NaNO; in food for 5.484+0.500 12.134£0.89
7 days (n=5)

2b. NaNO, in food for 5.16+0.037 11.46+0.31
14 days (n=4)

3a. Treated with PB for 10.08+0.62
9 days (n=4)

3b. Treated with PB for 4.600.140§ 8.14+0.36%
16 days (n=4)

4a. NaNO, for 7 days + 4.47+0.080* 9.03+0.59*
PB for 9 days (n=4)

4b. NaNO, for 14 days + 5.04+0.330 7.74+0.66*

PB for 16 days (n=4)

The experimental design is explained under Table 1. Sy and S; — according to Cohen et al. (1970);
§ — average values for days 9 and 16; * P <0.05 vs controls.
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and more) (Popova et al., 1982; Popov et
al., 1996). In this study, a biphasic effect
was established which was manifested by
the 14-day treatment. The treatment with
PB (groups 3a and 3b), in the shorter term
did not change the LP catalyzing systems
(group 3a) and inhibited highly only the
non-enzymatic system after a prolonged
dosing (group 3b). In the groups supple-
mented with nitrite (groups 4a and 4b),
this barbiturate activated statistically sig-
nificant both systems after a 7-day appli-
cation and only the enzymatic system after
14-day treatment (P<0.05, Table 2).
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Fig. 1. Nonsedimentable catalase activity in
rat liver homogenates (average values); 1—
controls (untreated rats given ordinary food)
(n=9); 2 — rats that received food containing
0.3 % NaNO, for 7 and 14 days (n=9); 3 — rats
treated with phenobarbital for 9 and 16 days
(n=8); 4 — rats that received food with NaNO,
and treated with PB (n=8). The experimental
design is explained under Table 1.
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Table 3 presents the influence of stud-
ied chemicals upon the total liver catalase
activity. It could be noticed that PB, ap-
plied either separately or in combination
with NaNO, (groups 3 and 4), resulted in
enzyme inhibition that was statistically
significant in animals that received food
with nitrite for a short time (group 4a).

NaNQ, decreased the non-sedimen-
table catalase activity (Fig. 1) — a sign of
peroxisomal stabilization (group 2). A
similar effect had PB (group 3), although
at a lower extent. When combined with
NaNO,, PB did not cause significant re-
distribution of catalase activity in liver
homogenates and therefore, did not
change the stability of peroxisomes (group
4).

The total activity of the lysosome
marker AP was also affected by tested
chemicals. A statistically significant lower
acid phosphatase activity was observed in
groups, treated 16 days with PB (group
3b) and treated with the combination
NaNO, + PB for either shorter or longer
time (groups 4a and 4b) (Table 3).

The chemical agents studied influ-
enced the permeability of lysosome mem-
branes. As shown in Fig. 2, the admini-
stration of PB for 9-16 days (group 3)
resulted in a high-degree stabilization of
liver lysosomes. A similar, but less ex-
pressed effect had the treatment with ni-
trite as well. The effect of NaNO, pre-
dominated during the combined admini-
stration of both chemicals despite that the
administration of PB preceded that of
nitrite and was more prolonged.

The effects of xenobiotics studied
were interesting. For example, PB is
known as a powerful inductor of enzymes
that metabolize toxic substances and drugs
(Slater, 1969; Conney, 1972; Pavlova et
al., 1978; Popov et al., 1979; Anjum &
Shakoori, 1993). In previous studies of
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Fig. 2. Release of acid phosphatase (AP) from liver large-granule fractions during their preincuba-
tion at pH 5 (0.1M acetate buffer in 0.25 M solution of sucrose) and 37°C. Substrate (Na-p-
glycerophosphate) ensuring a final concentration of 0.05 M was added at the end of the preincuba-
tion periods and thereafter the incubation was contineued for 10 min. The available enzyme activity
is expressed as % to the total once, determined in the presence of Triton X-100 (0.1%). 1 (—e—)
controls (untreated rats given ordinary food) (n=9); 2 (—o-) rats that received food containing 0.3
% NaNO, for 7 and 14 days (n=9); 3 (— A—) rats treated with phenobarbital for 9 and 16 days (n=8);
4 (--A--) rats that received food with NaNO, and treated with PB (n=8).

ours it was found that following a twofold
application at 24-hour interval at a dose of
100 mg/kg, it had a stabilizing effect on
intracellular membrane structures (Ivanov
et al., 1978). The present data suggest that
a similar effect was also achieved follow-
ing a continuous administration of the
drug at the same dose (100 mg/kg) (Fig.
2). There was no statistically significant
difference in the degree of membrane sta-
bilization attained following 9-day and
16-day treatments. The activating effect of
PB on AH however, was different. The

18

activity of this enzyme increased very
rapidly after twofold application of PB at
24-h interval (Pavlova et al, 1978) as
well as by day 9 of the chronic treatment
when the values were several times higher
than control ones (Table 1). By day 16 the
AH activity was significantly higher vs
control values (P<0.05) but lower than
that by day 9. These data probably suggest
that PB induces for a relatively short time
a state, known as hypertrophic hypoactive
smooth ER (Bunyan & Page, 1978).
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The membrane effects and the stimu-
lating action of PB on ER enzymes are
influenced by many factors. Usual chan-
ges that are observed are deviations in the
degree and more rarely — an inversion of
effects (Ivanov et al., 1978; Pavlova et al.,
1978; Popov et al., 1979). In the present
studies, we applied PB as agent creating a
background with altered functional ER
status in order to elucidate the nitrite ef-
fects at this condition. The obtained data
(Table 1, Fig. 1 and 2) however showed
that rather nitrite had an affect on PB than
the contrary. In animals supplemented
with nitrite, PB acted as stimulator of LP,
its activating effect on AH decreased and
its membrane-stabilizing action was com-
pletely neutralized. Moreover, a tendency
towards increased permeability of ly-
sosome membranes was observed (Fig. 2).

In animal tissues, both nitrates and ni-
trites are transformed reversibly one into
the other by cytosolic and peroxisomal
enzymes (Slater, 1969), whereas nitrites
are transformed into nitrosamines by en-
zymes located in the ER (Paul & Illing,
1981). The fact that membrane effects of
nitrite were almost not influenced by its
co-administration with PB showed that in
this connection the activity of the former
group of enzymes was more important
than that of ER-located enzymes.

CONCLUSIONS

NaNQO,, applied separately for a dif-
ferent period of time, provoked a stabili-
zation of peroxisomal membranes and an
insignificant activation of AH (by days 7
and 14), of LP (by day 7) and inhibition of
LP by day 14 (biphasic effect).

The PB stabilized the membranes of
cell organelles studied, activated highly
the AH and was almost not producing a
change in LP except for the non-enzy-
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matic LP that was inhibited by day 14.

When PB + nitrite were co-administe-
red, the effect of the nitrite predominated
on the parameters studied: NaNO, re-
duced AH activation, eliminated the stabi-
lization of biomembranes and enchanced
the stimulating effect of PB on LP.
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