Effects of Prolonged Nitrous Oxide Exposure
on Hemopoietic Stem Cells in Mice
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The effects of prolonged exposure to nitrous oxide on the hemopoietic progenitor cells
in bone marrow and spleen in mice were investigated. Fifty percent nitrous oxide caused
a marked decrease in the number of pluripotent stem cells (CFU-S) and granulocyte-macro-
phage progenitor cells (GM-CFC) in the spleen, whereas it caused only a slight decrease in
these cells in the bone marrow. These results suggest that prolonged exposure to nitrous
oxide induces damage in the splenic hemopoiesis in mice. [Key words: nitrous oxide,
pluripotent hemopoietic stem cells (CFU-S), granulocyte-macrophage progenitor cells

(GM-CFQ)]

(Konno M et al.: Effects of prolonged nitrous oxide exposure on hemopoietic stem cells

in mice, J Anesth 1:29-34, 1987)

Nitrous oxide was cited as being toxic to the
hemopoietic tissue of man in 1956'73. Since
then, there have been a number of reports on
the leukocytopenia and acute bone marrow
depression, resulting from prolonged administra-
tion of nitrous oxide in man® >,

In several experiments using rodents, long-
term exposure to nitrous oxide induced signifi-
cant leukocytopenia®®. Histo-cytological studies
showed that prolonged exposure of nitrous
oxide elicited an injury in the bone marrow®:9.

In the present study, we have investigated
the effects of nitrous oxide on the numbers of
pluripotent hemopoietic stem cells (CFU-S)
and granulocyte-macrophage progenitor cells
(GM-CFC) in murine bone marrow and spleen
in vivo.
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Materials and Methods

Exposure to nitrous oxide

Seven-week-old male mice of C3H/HeSlc
strain were exposed to nitrous oxide at the start
of experiments. The exposure was carried out
in a gas-tight chamber with 50% oxygen and
50% nitrous oxide at 21-24°C and 70%
humidity, during experimental periods. The
gas-mixture was circulated through the chamber
by an anesthetic machine. Carbon dioxide was
absorbed by the soda lime placed on the floor
of the chamber, and then 50% nitrogen and 50%
oxygen were circulated through the chamber
in the control group. Both control and nitrous
oxide-exposed mice were housed 4 to 5 mice
per cage, and fed with standard diets and given
water, The chambers were opened every 48
hours for cleaning and the exchange of food and
water.

Hematological responses

Blood samples were collected for the counting
of numbers of red cells, leukocytes, platelets
and the differentiation of leukocytes. Blood
stained with May-Giemsa and

smears were
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Changes in number of leukocytes in peripheral
blood after nitrous oxide exposure. The upper
row shows total white blood cells, the middle
shows lymphocytes, and the lower are granulo-
cytes. Open triangle is pre-exposure level in
7-weeks-old male mice. Open circles are levels
exposed to 50% nitrogen and 50% oxygen as
the control group. Closed circles are those
exposed to 50% nitrous oxide and 50% oxygen.
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the differential counts were made of the
lymphocytes and granulocytes. Spleen cellularity
was estimated by measuring wet weight, on
the basis that one milligram of the spleen had
previously been found to contain about 1.5 x
10° nucleated cells'®. Bone marrow cells were
flushed into a-minimal essential medium («-
MEM) from the tibia, using an injection syringe.
The cells from 5 mice were pooled and counted.

Assays of CFU-S and GM-CFC

The assays of CFU-S and GM-CFC were
similar to those described previouslylo. Briefly,
appropriate numbers of spleen cells or bone
marrow cells from the tibia were infused iv.
to lethally irradiated mice (850 Rad), and the
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colonies in the spleen were counted as CFU-S
10 days later!!. Irradiation was performed using
a cobalt-60 radiation source with the rate of
exposure about 32 Rad per minute. Spleen
and bone marrow cells were also cultured in
a semi-solid medium prepared by adding 0.3%
agar and 25% horse serum to a-MEM, supple-
mented with mouse abdominal wall-conditioned
medium at 10%, as a source of colony stimulat-
ing factor. Four replicate cultures were incubated
for 7 days at 37°C in 5% CO, in humidified
air'?. Colonies consisting of 50 or more cells
were counted as GM-CFC.

Results

General findgins in exposed mice

Mice exposed to nitrous oxide appeared alert
and behaved normally, although they consumed
slightly less food and water as compared to
control. The loss of weight was observed, and
body weight of the mice after three weeks of
exposure decreased, as compared with control
(24.4 £ 1.5 versus 27.9 + 1.8 g).

Effect of exposure on the peripheral blood

cells, spleen size and bone marrow cellularity

As shown in fig. 1, both total leukocyte and
lymphocyte counts decreased rapidly within
1 day, and the decrease continued during
exposure to nitrous oxide until the third week,
as compared to the control group. The decrease
of granulocyte counts became apparent on day
7, and lagged behind those of total leukocytes
and lymphocytes. There were no significant
change in the hematocrit, hemoglobin con-
centration, and the platelet count in either
exposed or control group at any time. These
results corresponded well with the previous
reports, using rats® and mice!3.

Spleen weight and number of nucleated cells
in the tibia are shown in fig. 2. In the exposed
group, a slight decrease in the spleen size was
observed. The decrease continued from day 1
until day 21. There was also a slight diminition
in the number of nucleated cells in the tibia
after exposure.

Effect of exposure on hemopoietic stem cells

in the spleen and the bone marrow

The results are shown in fig. 3—6.

The number of CFU-S in the spleen increased
on day 1 after exposure, approximately twice
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Fig. 2. Changes in number of total nucleated bone
marrow cells in the upper row and in spleen
weight in the lower during exposurc. » = pre-
exposure; © = control; ® = nitrous oxide group

i
as many as the pre-exposure level, followed by

a significant decrease from day 3 until the
end of the experiment (fig. 3). Nitrogen-exposed
control m:ice showed a slight but significant
iAcrease in the number of CFU-S throughout
the experimental period. The number of the
experimental group decreased to about 25 to
35% of those in the control group from day 7
of exposure.

Similar-‘pattern of changes was also observed
in the number of GM-CFC in the spleen except
for day 1 (fig. 4). The numbers rapidly decreased
to about 20 to 35% in the control levels from
day 3 of exposure until the end of the experi-
ment.

The number of CFU-S in the bone marrow
showed a slight decrease from day 7 until the end
of the experiment (fig. 5). On the other hand,
the decrease of the numbers of GM-CFC in the
bone marrow ddring nitrous oxide exposure
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Fig. 3. Changes in number of the pluripotent stem cells
(CFU-S) in the spleen. & = pre-exposure; © =
control; ® = nitrous oxide group

remained at only 50-65% of control levels
which were slightly enhanced compared to the
pre-exposure level (fig. 6).

Discussion

Since Lassen et al. reported bone marrow
depression after prolonged administration of
nitrous oxide in tetanusz, there have been several
clinical reports that nitrous oxide induces bone
marrow failure (reviewed in 14). Experimental
studies in rodents demonstrated that exposure to
nitrous oxide induced leukocytopenia and
a progressive hypoplasia observed morphologi-
cally®-9,

However, there was no report, as to whether
or not nitrous oxide influence hemopoietic stem
cells in vivo. The present study has shown that
the number of pluripotent stem cells (CFU-S)
and granulocyte-macrophage progenitor cells
(GM-CFC) in the spleen decreased significantly
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Fig. 4. Changes in number of granulocyte-macrophage
progenitor cells (GM-CFC) in the spleen. & =
pre-exposure; © = control; ® =nitrous oxide group

during exposure to nitrous oxide from day 3
until the end of the experiment. In the bone
marrow, such decreases of CFU-S and GM-CFC
were, significantly less than those
in the spleen.

It is well known that spleen is one of the
hemopoietic tissues in adult mice and a primary
organ for acute hemopoietic response to
exogenous stimuli, such as X-irradiation®?,
bacterial infection!9:16, and an injection of the
bacterial products'’”. We found in the present
study that prolonged exposure to nitrous oxide
resulted in a more profound inhibition of splenic
hemopoiesis than medullary hemopoiesis.

Nitrous oxide has been reported to be
an inactivator of an enzyme, methionine
synthetase!®. There are a number of reports that
nitrous oxide inhibits the growth and division of
many cell lines of plant and animal in vitro!®~2!
Studies on cell cycle and DNA synthesis in

however,
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Fig. 5. Changes in number of CFU-S in the tibia. & = pre-
exposure; © = control; ® = nitrous oxide group

bone marrow of man exposed to nitrous oxide
revealed the defective DNA synthesis and a
significant increase of early S-phaseZ?:23, These
reports suggest that the cause of the inhibitory
effects on hematopoiesis might be the general
non-specific depression of cell multiplication.

Nunn et al. tested the direct effect of nitrous
oxide on GM-CFC by culturing murine bone
marrow cells in 75% nitrous oxide; this caused
no significant decrease in growth®. Our data
shows marked and simultaneous decreases in
both CFU-S and GM-CFC in the spleen, in
comparison with that in the bone marrow, and
that the patterns of kinetics of the decrease
are similar to each other. These results, taken
together, suggest that nitrous oxide may not
directly affect the growth and differentiation
of the hemopoietic stem cells but causes
deterioration of the splenic microenvironment
for hemopoiesis. Although the mechanism
causing damage to splenic hemopoiesis is not
yet clarified, prolonged exposure of nitrous
oxide to mice suppresses splenic hemopoiesis
resulting in a leukocytopenia.
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The method in the present study in which
50% nitrous oxide and 50% oxygen were used
remains the mainstay of routine anaesthetic
practice. Lassen et al.? and Amess and his
colleagues® reported that nitrous oxide induced
bone marrow depression at the same concentra-
tions -as that of the present study. It has been
established that oxygen in high concentrations
inhibits colony formations of GM-CFC%* and
erythroid progenitor cells®” in vitro.

However, there is no report as to whether
oxygen effect hemopoietic stem cells in vivo,
Controls of the present study in which mice were
exposed to 50% oxygen in addition to nitrogen
showed a slight depression in the number of total
leukocytes, especially lymphocytes, and GM-CFC
in the spleen, but showed no significant changes
in the number of other parameters. Experiments
to elucidate this effect of oxygen on hemopoietic
tissues are in progress.
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