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Nitrate and nitrite have been shown to alter homeostasis of epithelial cell membranes by
reacting with thiol (oxidation) and amino groups (nitroso compounds formation) or heme
iron (redox) of the small intestine (Grudzinski 1990a,b; Grudzinski 1991a,b; Grudzinski
and Szymanski 1991ab; Grudzinski, Szymanski and Chomiczewski 1991ab; Grudzinski
and Law 1997). Nitrate and nitrite also are capable of decreasing the number of clonogenic
cells, which initiate mucosal cell regeneration following injuries by chemica agents
(Grudzinski 1996). In addition, nitrite has been reported to ater the proliferation processes
of the small intestine epithelium (Grudzinski and Jednorog 1995). A preliminary study has
shown that nitrate or nitrite is capable of causing programmed cell death (apoptosis) in the
intestina crypt (Grudzinski 1996). Although the mechanism of apoptosis of intestinal
crypt cells has not been filly elucidated, the stem cells are probably involved in the
initiation of intestinal toxicity (Grudzinski 1996).

The purpose of the present study was to establish a quantitative relationship between
potassium nitrate and sodium nitrite exposures and the incidence of apoptosis in intestina
crypt cells of mice. The possibility that apoptosis may ater the ratio of live/dead crypt in
the intestine of mice was aso investigated.

MATERIALS AND METHODS

Male B6C3F mice 10-12 weeks old were used in our studies. Animals were acclimatized
for at least 2 weeks at 22 + 2 °C room temperature, 40-70% air humidity, and 12/12 h
light-darkness cycle. Animas were fed a normal diet (Altromin® pellets) and water ad
libitum throughout the experiment.

Potassium nitrate (KNO,) or sodium nitrite (NaNO,) was dissolved in distilled water.
These solutions were administered separately to mice by ora intubation (0.5 ml/20 g) in an
acute dose: KNO, (50, 100, 200, or 400 mg/kg bw), and NaNO, (5, 10, 20 or 40 mg/kg
bw). Groups of 4 or more animals were killed by cervical dislocation at various post-
dosing times (1, 2, 3, 4, 5, 6, 8, 10, and 12 h). The small intestines were removed from the
mice and prepared for histological examination.

In a separate experiment, potassium nitrate (50, 100, 200, or 400 mg/kg bw) or sodium
nitrite (5, 10, 20 or 40 mg/kg bw) was administered per os to mice (0.5 ml/20 g bw) once
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daily for 3 or 90 days. Normal saline was used as a control. Groups of 4 or more animals
were killed by cervical disocation at 2, 4, and 6 h post-dosing, and the small intestines
were removed and prepared for histological examination.

The terminal deoxynuclectide transferase labeling technique (TDR) was employed to
detect apoptotic cells with DNA possessing a free 3-OH end fragment (Gavrieli et al.
1992; Merritt et al. 1995). Briefly, intestine samples were fixed in Camoy’s fixative for
30 min before the procedure. Paraffi sections of the small intestine were dewaxed and
processed through an ethanol series before washing with phosphate-buffered saline (PBS).
The sections were permeated with proteinase K (15 mg in PBS) and then washed in PBS.
Endogenous peroxidase activity was blocked by incubating the sections in 0.3% hydrogen
peroxide solutions for 15 min, followed by washing in PBS. Two drops of the equilibration
buffer were applied to each specimen for 15 min at room temperature. The terminal
dexynuclectide transferase (TdT) mixture was prepared as described by Gavrieli et a.
(1992) and it was diluted 1:5 with distilled water (Merritt et a. 1995). The slides were
incubated with or without the enzyme mixture for 1 h at 32°C before the reaction was
terminated by washing the section for 10 min in the “stop wash” solution. Digoxygenin-
labelled dlides were treated with antidigoxigenin-peroxidase for 30 min a room
temperature. The sections were washed in PBS and developed with 0.05% diaminobenzide
and 0.03% hydrogen peroxide in PBS for 5 min, followed by washing with a weak
haematoxylin counterstain. Scoring was restricted to good longitudinal sections of the
crypt in which the base of the crypt was aigned with al the other crypt bases and there
was evidence of the crypt lumen being present. Twenty good longitudinal sections were
selected per animal. These were divided down the long axis into two half crypts which
were scored separately; 50 such half crypt sections (i.e. crypt columns) per mouse or a
minimum of 200 per group were scored. Starting a the base of the crypt columnm the cells
were numbered up each side and data were recored using a microcomputer on a cell
position by cell position basis. The location of each apoptotic event was then recorded in
terms of its position, When severa apoptotic fragments were seen to be clustered about a
particular cell position they were recorded as one apoptotic cell. The results are presented
as plots of the frequency of apoptotic events at each position in the crypt for nitrate and
nitrite doses and post-treatment times. These frequency distributions can be described by a
number of statistical parameters such as the peak value and the overall average apoptotic
index. These parameters are described in deatail elsewhere (ljiri and Potten 1987). In order
to assess the viability of crypts, the microcolony technique described by Withers and
Elkind (1970) was adopted. After killing the animals, the entire intestine was fixed in
Camoy’s fixative for 30 min, stored in 70 % ethanol and cut into three equal portions. Ten
1 cm segments of distal intestine were bundled together in tape prior to paraffin
embedding. They were sectioned at 3 pm and stained with H&E. The approximate
objective criteria of a regenerating crypt were 10 or more cells, each with a prominent
nucleus and little cytoplasm, lying close together with a crowded appearance. These cell
clusters were basophilic. Non-viable crypts contained no cells, and were sparsely
populated by enlarged cells with prominent eosinophylic cytoplasm. The surviving fraction
(SF) of the crypt was plotted semi-logarithmically against nitrate or nitrite doses. An
average of 124+3 crypts around the circumference of the control mice was assumed.

RESULTS AND DISCUSSION

The ability of a single acute potassium nitrate or sodium nitrite dose to induce cell death in
the small intestine was studied by examining the apoptotic profile at the base of the
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Figure 1. The smoothed frequency polygons for the apoptotic index at different cell
positions of the intestinal crypt. The mice were treated with a single oral dose of potassium
nitrate (0, 50, 100, 200, or 400 mg/kg bw). The insert panel shows the number of
apoptosis for the entire crypt section plotted against time after treating mice with asingle
dose of potassium nitrate (400 mg/kg bw). The control values are shown by the horizontal
line in the insert
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Figure 2. The smoothed frequency polygons for the apoptotic index at different cell
positions of the intestinal crypt, The mice were treated with a single dose of sodium nitrite
(0, 5, 10, 20, or 40 mg/kg bw). The insert panel shows the number of apoptosis for the
entire crypt section plotted against time after treating mice with a single dose of sodium
nitrite (40 mg/kg bw). The control values are shown by the horizontal line in the insert.
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Figure 3. The smoothed frequency polygons for the apoptotic index at different cell
positions of the intestinal crypt. The mice were treated with potasium nitrate (50, 100,
200, or 400 mg/kg bw) for 3 or 90 days
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Figure 4. The smoothed frequency polygons for the apoptotic index at different cell
positions of the intestinal crypt. The mice were treated with sodium nitrite (5, 10, 20, or 40
mg/kg bw) for 3 or 90 days.
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Figure 5. The number of apoptosis for the entire crypt section plotted against time after
treating mice with sodium nitrite (40 mg/kg bw) or potassium nitrate (400 mg/kg bw) for 3
or 90 days.
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Figure 6. Crypt surviving fractions as a functon of potassium nitrate doses and time. The
mice were treated with potassium nitrate in a single acute dose or a daily dose for
3 days.
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Figure 7. Crypt surviving fractions as a function of sodium nitrite doses and time. The

mice were trested with sodium nitrite in a single acute dose or a daily dose for 3
days
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Figure 8. Crypt surviving fractions as a function of potassium nitrate doses and time. The
insert panel shows the multiple regression of the apoptotic index plotted against the
survival fraction of crypt section after exposing mice to potassium nitrate for 90 days. The
dashed lines are 95 % confidence levels for the linear regression line and describe the range
within which the regression line values will fall a percentage of the time after repeated
measurements.
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intestinal crypt (Figs. 1,2). In genera, the highest incidence of apoptotic cell death
occurred a the 5-6th (KNO,) and 4th (NaNO,) cell positions from the base of the crypt. In
addition to the difference in the anatomical position of the maximal incidence of cell death,
nitrate and nitrite differed in the post-dosing time when the highest incidence of cell death
occurred. The highest incidence of cell death occurred a 6 h and 2 h after nitrate and
nitrite treatment, respectively (Figs. 1,2). The apoptosis incidence profile of the intestinal
crypts after the mice were treated by nitrate or nitrite daily for 3 and 90 days was very
similar to the profile of an acute dose (Figs. 3,4,5). The highest incidence of intestina
apoptosis a so occurred in the 5-6 th position at 6 h post-dosing after treating mice with
nitrate for 3 or 90 days and in the 4 th position at 2 h post-dosing after treating mice with
nitrite. Results of the present studies are consistent with the findings that many cytotoxic
agents are able to induce apoptotic cell death in murine intestinal crypts (ljiri and Potten
1983; 1987; Potten 1992) and that the spatial distribution of the dead cells differs among
the agents (Potten 1992). Thus, each agent may selectively target a location of the crypt
(ljiri and Potten 1983). For example, direct-acting agents such as N-nitroso-N-
methylurea, N-nitroso-N-ethylurea, isopropyl-methane sulphate, bleomycin, and
adriamycin have been found to cause the highest incidence of cell death at cell position 4-6
in the crypt (ljiri and Potten 1987, Potten et al. 1992&). On the other hand, compounds
such as actinomycin D, cyclophosphamide, and cyclohexamide have been shown to
produce the maximal cell killing at cell position 6 and 8. Another group of drugs including
hydroxyurea, nitrogen mustard, methotrexate, vincristin and 5-fluorouracil have been
reported to act on the cells at 8-11 position of the crypt (Ijiri and Potten 1987).

When mice were treated with nitrate or nitrite in a single acute dose or adaily dose for 3
days, the SF of theintestinal crypt was unchanged (Figs. 6,7). However, when mice were
treated by nitrate or nitrite daily for 90 days, the SF of the crypt decreased with
increasing nitrate or nitrite doses (Figs. 8,9). These results are consistent with those
reported by Moore (1975; 1984a,b; 1986). The correlation between stem cell death and
the SF of the crypt was high (R*=0.94 for nitrate and R’=0.91 for nitrite; see inserts of
Figs. 8,9), and it clearly shows that nitrate or nitrite induces stem cell death in the small
intestine. In general, cell death has been viewed as a part of the intestina crypt
regeneration processes (Hall et a 1994; Potten 1990, 1992; Potten et al. 1992b, 1994).
Since intestinal cells are regenerated along a hierarchial cell lineage of the crypt (Potten
and Loeffler 1990), a small number of stem cells would determine the rate of crypt
regeneration following chemical injuries (Hendry et al. 1992). Results of the present study
suggest that nitrate and nitrite exert their toxicities by killing cells in the early cell
hierarchies (cell position 4-6 in the crypt) of the small intestine and ultimately
change crypt survival by selectively killing some of or most of the functional
(steady-state) stem cells,

In summary, nitrate and nitrite are capable of inducing programmed cell death in
the small intestine. They also can change the surviving fraction of the intestinal
crypt. However, additional studies are required to elucidate the biochemical
mechanism(s) of nitrate or nitrite-induced injuries in the intestinal epithelium.
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Figure 9. Crypt surviving fractions as a function of sodium nitrite doses and time. The
insert panel shows the multiple regression of the apoptotic index plotted against the
surviva fraction of crypt section after exposing mice to sodium nitrite for 90 days. See
Figure 8 legend for comments.
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