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Atmospheric ammonia (NH3) is produced by a number of industrial sources
(National Academy of Sciences, 1979); however it is the biological action
of urease-containing bacteria upon urine and fecal waste products that
is responsible for producing NHg in laboratory animal facilities. Since
NHj3 is a primary irritant (Braker et al. 1977) studies emphasizing the
pulmonary toxicity of both acute (Boyd et al. 1944; Dalhamn and Sjoholm
1963; Niden 1968) and repeated (Coon et al. 1970; Doig and Willoughby
1971; Mayan and Merilan 1972; Stombaugh et al. 1969; Weatherby 1952;
Weedon et al. 1940) exposures have appeared. It was not until Vesell
and coworkers (1973) suggested that repeated exposure to NHg (from
dirty cage environments) could produce hepatic microsomal enzyme
inhibition in laboratory rats that the generation of NH3 in animal rooms
was regarded seriously. These investigators reported that rats kept in
a dirty environment for 7 d had significantly lower levels of hepatic
microsomal enzyme activity (ethylmorphine N-demethylase and aniline
hydroxylase activity) as well as reduced levels of cytochrome P-450
compared to controls. The authors postulated that this phenomenon
may be the result of hepatotoxicity due to the NHg generated from
urease-containing bacteria in feces; however, NHg levels were not actually
monitored. Recently Schaerdel et al. (1983) reported a significant drop
in ethylmorphine N-demethylase activity as well as cytochrome P-450
levels in rats after 24 ppm NHg for 7 d. However, at 714 ppm NHj3 for
3 d there was no change in either parameter, while after 7 d ethylmorphine
N-demethylase activity was significantly reduced. These workers could
not produce a direct correlation between liver microsomal enzyme activity
and environmental NHj3 concentration and therefore concluded that NHj3
was probably not responsible for the inhibition of microsomal enzyme
activity in rats kept in a dirty environment.

Since the mouse has proven to be a sensitive animal model for use in
NH3 toxicity studies (National Academy of Sciences 1979), and work
in the rat has produced only minimal microsomal changes (Schaerdel
et al. 1983), the present study was undertaken to determine whether
acute or repeated exposure to NHg gas inhibits selected microsomal
enzyme activity in the mouse.

MATERIALS AND METHODS
Male albino ICR mice (25-30 g) purchased from Harlan Industries
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(Cumberland, IN) were allowed to acclimate to our facilities at least
1 week prior to use in this study. Animals were fed laboratory chow
(Purina #5001, Ralston Purina Co., St. Louis, MO) and water ad libitum
except during NHg or air exposure studies. Sterilized ground corn-cob
bedding (SAN-I-Cel®, Paxton Processing Co., Inc., Paxton, IL) was used
throughout the study and replaced daily. A 12:12 h light:dark cycle and
an ambient temperature of 23 + 1°C were maintained continually.

Mice were exposed (12 per group) to either NHg or air for 4 h acutely
or daily for 4 d in a dynamic-flow multichamber whole-body exposure
system previously described (Kapeghian et al. 1980; 1982). Immediately
following each exposure, animals were returned to their respective home
cages (6 per cage) for observation. Body weights were recorded prior
to each daily exposure session. All experiments were conducted 1 h
following removal of the animal from the exposure chamber. NHj
concentrations were determined by the method described by Kapeghian
et al. (1981). Equilibration time for chamber NHj concentrations was
10-15 min.

In the acute exposure studies hexobarbital sleeping times were determined
1 h following exposure to either air, 1350 or 4380 ppm NHg for 4 h.
Hexobarbital (85 mg/kg, i.p.) sleeping times and latency to hypnosis (time
to loss of righting reflex) were determined for each animal in an
environment that maintained normal temperature. In vitro hepatic
microsomal enzyme activity was determined after a single 4 h exposure
to air or 4700 ppm NHj3. Microsomal enzyme activity was also determined
in isolated 12,500 g liver supernatant fractions incubated for 30 min
in atmospheres of 341 and 673 ppm NHj in Og, and compared to Og
controls.

In repeated-exposure studies, in vitro microsomal assays were performed
following exposure to NHg (115, 350 ppm) or air for 4 h per day, 4 d.
An additional air control group was pair-fed to induce an overall reduction
in mean body weight quantitatively equivalent to that observed after
repeated NHj3 exposures (350 ppm).

For preparation of in vitro liver microsomal assays, all animals were
sacrificed by cervical dislocation followed by decapitation, the livers
(minus the gall bladder) were removed, blotted, weighed (g/kg),
homogenized in ice-cold 0.05 M Tris HCI - 0.15 M KC1 buffer and spun
at 12,500 g for 10 minutes at 4°C, The supernatant fraction was then
measured and used for all enzymatic assays. Metabolic procedures were
conducted according to the methods described by Fouts (1970). Each
assay employed a portion (0.5 ml) of the 12,500 g supernatant fraction
equivalent to approximately 5.0 mg of microsomal protein. Aminopyrine
N-demethylase activity was determined according to the method of Cochin
and Axelrod (1959). Formaldehyde (HCHO) generation was followed
after a 30 min incubation by measuring the absorbance of product at
415 nm. Aniline hydroxylase activity was determined by procedures
outlined by Mazel (1971). Product formation (p-aminophenol, PAP) was
measured at 640 nm. Twenty pumoles of aminopyrine (a type I cytochrome
P-450 binding substrate) or 10 umoles of aniline HCl (a type II binding
substrate) were added to incubation mixtures at 37°C in a 100% Og
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atmosphere. The hepatic microsomal fraction was obtained by centrifuging
0.5 ml aliquots of the 12,500 g supernatant fraction at 105,000 g for
1 h at 4°C. Microsomal protein in the resulting resuspended pellet was
determined by the method of Lowry et al. (1951).

Microsomal enzyme activity is expressed both as "total activity" (umoles
product/30 min/liver) and as "specific activity" (nmoles product/30 min/mg
of microsomal protein) for most in vitro data. Total microsomal protein
is expressed as mg/liver.

Statistical analyses were conducted using either the Student "t" test
or the one-way analysis of variance (ANOVA) followed by Duncan's Multiple
Range Test. The criterion for significance was set at p < 0.05.

RESULTS AND DISCUSSION

Exposure to NHg at 1350 ppm for 4 h had no effect on the duration of
hexobarbital sleeping times (with respect to air controls) as indicated
in Table 1. Following exposure to 4380 ppm NHjg, sleeping times were
significantly increased compared to air controls; however, this
concentration proved lethal to 3/12 mice during the exposure and to
one animal during hexobarbital hypnosis. Latent periods were significantly
reduced in both exposure groups.

Table 1. Effect of NH3 Gas Exposure (4 Hour)
on Hexobarbital Sleeping Times in Mice

Hexobarbital
Treatment Latency to Hypnosis Sleeping Time N
(4-Hour) (Min) (Min)
Air 3.2 +0.28 17 £ 1.4 12
NH3 (1350 ppm) 2.6 + 0.1% 19 + 1.7 12
Air 3.5 £ 0.1 11 £ 1.0 12
NH3 (4380 ppm) 2.8 + 0.2% 19 + 2.0% gb

AValues represent mean * 18.E.
DThree mice died during exposure; one died during hypnosis
*Significantly different from air control at p < 0.05 by the Student t-test

The effect of exposure to a lethal concentration (4380 ppm) of NHg on
the prolongation of hexobarbital hypnosis is not surprising when
pathophysiological effects of this exposure are considered (Kapeghian
et al. 1982). In fact, other atmospheric pollutants such as ozone (Gardner
et al. 1974) and nitrogen dioxide (Miller et al. 1980) also prolong
barbiturate-induced hypnosis in mice. Since all of these agents (NHjg,
ozone, and nitrogen dioxide) have in common the capacity to induce
severe pulmonary lesions following short-term exposures (Niden 1968;
Amdur 1980) it may not be unlikely that in vivo markers of extrapulmonary
function could be indirectly altered. The reduction in latency periods
for both NHg treatment groups may be related to this phenomenon.

17



Since hexobarbital hypnosis was prolonged only after exposure to a
potentially lethal concentration of NHg, a similar regimen was employed
to examine in vitro hepatic microsomal enzyme activity (Table 2).

Contrary to sleeping time data, microsomal protein levels were
significantly elevated compared to controls following the 4 h exposure.

Table 2. Effect of NH3 Gas Exposure (4 Hour)
on Hepatic Microsomal Enzyme Activity In Vitro

Body Liver Microsomal Aminopyrine Aniline
Treatment Weight Weight  Protein N-demethylase Hydroxylase
(g) (g/kg) (mg/liver) A B A’ B'
Air 24.32 48.5 39.1 1.74 444 1.53 39.6
+0.2 + 0.9 +2.9 +£0.16 +2.56 +0.19 2.2
NH3b 25.2 51.8 51.2% 2.34*%  46.2 1.39 27.2%

(4700 ppm) + 0.5 + 1.6 + 1.5 +0.89 +1.98 +0.08 *1.5

aValues represent mean * 1S.E.

b5/12 mice died during exposure

A=pmoles HCHO/30 min/liver

B=nmoles HCHO/30 min/mg protein

A'=umoles PAP/30 min/liver

B'=nmoles PAP/30 min/mg protein

*Significantly different from air control (p < 0.05) by the Student "t" test

Also total (per liver) aminopyrine N-demethylase activity was significantly
increased while total aniline hydroxylase activity remained unchanged.
There were no changes in the specific activity of aminopyrine
N-demethylase (per mg of microsomal protein) while the specific activity
of aniline hydroxylase declined significantly. Compositely these results
indicate that the increased microsomal protein observed was predominantly
associated with the metabolism of the type I substrate (aminopyrine)
since the total activity of aminopyrine N-demethylase was elevated
while that of aniline hydroxylase was unchanged. The apparent inhibition
of the specific activity of aniline hydroxylase was created "on paper"
by expressing its activity in terms of elevated microsomal protein. Since
the standard measurement of microsomal protein (Lowry et al. 1951)
does not separate enzymatic systems associated with the metabolism
of a particular substrate, the term "specific activity" so widely used
in microsomal studies is a misnomer. In this regard then, unless the
enzyme studied is isolated and purified, the effect of treatment on its
activity must include a comparison of its total activity and specific
activity with respect to changes in microsomal protein. The data in
Table 2 then would support the hypothesis that the observed increase
in hexobarbital sleeping times (Table 1) was not due to hepatic microsomal
inhibition but rather the result of an extrahepatic physiological alteration.
The increase in total microsomal protein and aminopyrine N-demethylase
activity (Table 2) may be the result of a corticosteroid-mediated event
(Castro et al. 1970) during the stressful and potentially lethal NHg
exposure.
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Since it was not possible to demonstrate inhibition of liver microsomal
enzymes by in vivo exposures, pooled microsomal supernatant fractions
(12,500 g) were incubated in the presence of NHj3 in Og. The results
in Table 3 indicate that there is no inhibition of the metabolism of either
the type I (aminopyrine) or type I (aniline) substrate after incubation
with either 341 or 673 ppm NHj.

Table 3. Microsomal Enzyme Activity Following Incubation of 12,500 g
Supernatant Fraction in NH3 Atmospheres In Vitro

Incubation Aminopyrine N-demethylase Aniline hydroxylase
Atmosphere (nmoles HCHO/30 (nmoles PAP/30
min/mg protein) min/mg protein)
Control (100% O9) 118 + 7.228 29.9 + 0.37
NHj3 (341 ppm)P 129 + 3.18 33.9 £ 0.63
NHj3 (673 ppm)P 130 + 2.00 31.3 + 0.14

8Mean activity + 1S.E. for 3 determinations per group
NH3 concentration in Og

Since there was no evidence of inhibition of hepatic microsomal enzyme
activity followmg acute exposure to NHg either by in vivo or in vitro
measures, mice were then exposed to NHg for 4 h daily “for 4 days. Results
of preliminary studies indicated that at concentrations over approximately
150 ppm NH3, repeated exposures resulted in significant weight loss
by Day 4. For this reason, a group of animals exposed to air only (4 h/d,
4 d) were pair-fed to produce an equivalent drop in body weight observed
with repeated NHj treatment (350 ppm) under the same exposure
conditions. In addition, a group of animals were exposed to a lower NHg
concentration (115 ppm) to reduce the effect of NHg-induced inanition
on the results. An air-only control group (allowed food ad libitum) was
also included as in previous studies. As seen in Table 4, body weights
of animals exposed to 350 ppm NHj as well as the palr—fed controls were
significantly lower than air-only controls as expected.

Body weights of animals receiving NHg at 115 ppm were not significantly
different from air controls. Liver weights were significantly reduced
in the pair-fed group only. Total microsomal protein was significantly
decreased both in NHg-treated groups and in pair-fed controls.
Furthermore, total aminopyrine N-demethylase activity (per liver) was
significantly depressed both in NHg-treated groups and in the pair-fed
controls. However, when the activity of this enzyme is expressed with
respect to microsomal protein, there is no difference between any of
the groups. Since there was no change in total aniline hydroxylase activity
as a result of either NHg treatment or the pair-feeding regimen, we
would conclude that the decreased microsomal protein in these groups
most likely represents a reduction in enzymatic protein responsible for
metabolism of the type I substrate (aminopyrine). This phenomenon
is responsible for the significant elevation of the specific activity of
aniline hydroxylase activity (created "on paper") after 350 ppm NHg
or the pair-feeding regimen. There was no effect of the low level NH3
exposure (115 ppm) on either total or specific aniline hydroxylase activity.
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Table 4. Effect of Repeated NH3 Gas Exposure or Pair-Feeding
on Hepatic Microsomal Enzyme Activity In Vitro

Body Liver = Microsomal Aminopyrine Aniline
Treatment Weight Weight Protein N-demethylase Hydroxylase
(4h/d, 44d) (g) (g/kg)  (mg/liver) A B Al B'
Air 29.28 51.1 53.8 5.60 104 1.65 30.7

+ 0.5 + 0.9 +1.1 +0.14 +£2.57 +0.05 +1.06
Airb 27.5% 44.7% 45.2% 3.89* 85.5 1.69 37.1%
(Pair-fed) + 0.2 + 0.5 +1.6 +£0.30 £5.00 +0.11 +1.50
NH4 29.7 52.7 46.8% 4.74* 100 1.52 32.3
(115 ppm) + 0.4 + 0.7 +1.9 +0.23 +4.06 +0.05 *0.66
NHj 27.9% 49.3 40.8%* 4.59* 113 1.50 36.8%
(350 ppm) + 0.4 + 0.9 + 1.5 +0.33 +8.36 +0.06 +0.96

aValues represent mean + 1S.E; N=12 mice per group

bFed to maintain body weight changes in 350 ppm NHj3 group

A=pmoles HCHO/30 min/liver

B=nmoles HCHO/30 min/mg protein

A'=pmoles PAP/30 min/liver

B'=nmoles PAP/30 min/mg protein

*Significantly different (p < 0.05) from air control by ANOVA followed
by Duncan's Multiple Range Test

These results indicate that repeated NHg3 exposures at a concentration
which does not significantly reduce body weights (115 ppm, 4 d) will
reduce microsomal protein apparently associated with the metabolism
of a type I substrate (aminopyrine) in the mouse. However, when mice
were repeatedly exposed to a non-lethal NHj3 level (350 ppm, 4 d) which
significantly reduced body weights, hepatic microsomal metabolism was
altered in a manner indistinguishable from effects of restricted food
intake alone (pair-feeding). Both pair-feeding and NHj3 treatment also
affected microsomal protein apparently associated with the metabolism
of aminopyrine and not aniline. In no instance (during non-lethal NHg
exposures) was there any evidence of inhibition or reduction in the specific
activity of either enzyme as is the case with known microsomal enzyme
inhibitors such as SKF 525-A (Mannering 1971).

Since neither acute nor repeated exposures of NHg3 gas produced a
reduction in the specific activity of selected hepatic microsomal enzymes,
we conclude that NHjg is not a microsomal enzyme inhibitor in the mouse.
This study then supports the contention of Schaerdel et al. (1983) that
NHjg is probably not responsible for the inhibition of hepatic microsomal
metabolism in animals housed under dirty environmental conditions as
originally speculated by Vesell et al. (1973).
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