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Acute and sustained hyperammonemia in mice resulted in a
decrease of the grapsition tewperature of Arrhenium plots of
synaptosomal {Na -K )JATPase. The activation energies in both
phases of the plots were increased. "In vitro" addition of am-
nonia produced similar changes. This seems to indicate that am-
monia alters the physical properties of synaptosomal melnbranes.
The "in vitro" interaction of awmmonia and ethanol at the mem-
brane level was also investigated. Both agents together pro-
duced a further shift in the transition temperature and affected
the activation energies. The relevance of these findings regard-
ing the mechanism of amwonia toxicity and the protective effect
of ethanol thereon is discussed.

High levels of ammonia in blood and brain due to metabolic
disorders or to experimentally induced ammonia intoxication are
associated with neurological abnormalities in humans and in ani-
mals {(1,2). The wechanisim of ammonia toxicity at the CNS level
is still unknown; alterations in brain enerygy metabolism have
been reported (3,4) and direct effects of awmonia on the trans-
mission of the nervous impulse have also been proposed (5-8).

Recently, we have found that ethanol had a protective ef-
fect on acute (9,10) and cnronic (unpublished) ammonia intoxica-
tion in mice. Uther alcohols of different chain length, includ-
ing tert-butanol (11) also had an excellent protective effect.
The hypnotic action of alconhols has been related to their solu-
bility in the lipid fraction of the neural cell membrane (12),
Since these aygents clearly improved some of the neurological man-
ifestations of acute amwmonia intoxication, their effect on the

ilembrane might be important. To clarify this we have studied
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the possible changes in the physical properties of synaptosomal
mentbranes induced by "in vivo" and "in vitro" exposure to amiio-
nia and ethanol. The implication of this finding relative to
the mechanism of amwonia toxicity and its prevention, as well as

the effect of etnanc] are discussed.

MATERTALS AND METHUDS

All the cltemicals were of the highest purity available.
Urease was from Siyma Chemical Co. Glutamate dehydrogenase was
from Boehringer Manheinm.

ltale Swiss albino mice weighing 2% to 3U grams were used.
Acute amnonia intoxication was established in one group by a sin-
gle i.p. injection of 12 nmwioles of amwonium acetate/kyg body
weignt (as a U.6% w/v solution). Since death occurs in about 15
nin, they were sacrificed 10 win after the injection. For chron-
ic toxicity, urease (5 units/ml of saline) was gyiven to another
group of mice in an i.p. injection of 33 units/kg body weight
daily up to five days. The animwals were sacrificed v h after
the last dose.

For ammonia determination, blood samples were drawn fromn
the tail vein at designated times, precipitated wih 1U0% tri-
chloroacetic acid and centrifuged. Ammonia was ueasured in the
supernatants by a glutanate dehydrogenase assay (13). At the
time of sacrifice, brains of mice were honogenized in coild U.29%
¥ sucrose, precipitated with 10% trichloroacetic acid and cen-
trifuged. Annonia was reasured in the supernatants as described
above.

For synaptosome preparation, normal and ammonia intoxi-
cated mice were sacrificed as indicated and their brains quickly
removed. The cerebellum and brain stem were discarded and a
pool of the remaining areas of ten brains was weighed and homo-
genized in five volumes of ice-cold U.32 M sucrose. Synapto-
solies were prepared according to the method of Cotman {14). The
synaptosome fraction, recovered from the interphase of the 6 and
13% Ficoll solutions, was diluted four-fold with U.U5 i Tris-HCI
pH 7.0. Synaptosomes were sedimented by centrifugation at 33000
g for 35 win and resuspended in the same buffer. This suspen-
siog as frozen (-4u°C) overnight, thawed ana used for the
{Na K ) ATPase activity assay (1u). + 4

Arrhenius plots were calculated from (a K ) ATPase ac-
tivities at different temperatures, as previously describea
{(15). Specific activity values were plotted against 1/T.
Protein was determined by a biuret method (l6) with povine serum
albumin as the standard.

RESULTS AND UISCUSSION

Fig. 1 shows the levels of ammonia in the blood and brain
of mice acutely intoxicated with amronium acetate. Before death
all the animals exhibited clear symptoms of ammonia toxicity,
proyressing from hyperexcitability and drowsiness to deep coua,

associated with clonic and tonic convulsions. The levels of ain-
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Fig. 1. Levels of ammonia in the blood and brain of mice
injected with ammonium acetate. The animals received 1Z mmoles
ammonium acetate/kg body weight by intraperitoneal injection.
Blood (o) and brain (e) ammonia were determined as indicated in
Methods. Results are the mean * S.D. of four animals.

Wonia in nice injected with urease are illustrated in Fig. ¢.
As can pbe seen, blood ammonia rose sharply after the injection,
decreasing gradually until the levels were norual twenty-four
hours later. The levels of brain anmonia were lower than those
in blood, but its disappearance was slower and levels renained
significantly increased after twenty-four hours. When a second

injection of urease was adiinistered to the mice, ammonia again
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Fig. 2. Levels of ammonia in the blood and brain of mice
injected with urease. The animals received 33 units of urease/kg
body weight in a daily intraperitoneal injection, as indicated
in Methods. Blood (o) and brain (e) ammonia were determined as
indicated. Since blood ammonia variations were essentially the
same after every injection of urease, the figure only reflects
the time course in the early hours of the experimental period.
Results are the mean + S5.0. of six animals.
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rose rapidly to the sanie levels as on the first day. Although
not shown in the figure, this occurred after each injection of
urease. Thus, this treatment produced a sustained hyperamio-
nenia with concomitantly increased brain ammonia. In spite of
this, the animals showed no appreciable symptoms of ammonia
toxicity and appeared norwal during the experimental period.

Many exogenous agents induce changes in 1ipid fluidgity in
membranes which are evidenced by shifts in tne discontinuities
of Arrhenius plots (18,19). Uiscontinuities in the Arrhenius
plots of mewmbrane-bound enzynes could be related to phase
changes in membrane lipids, which are specific for each enzyme
at given conditions (17). (Na+-K+)ATPase is a membrane-bound
enzyme whose activity has been shown to be altered by changes 1in
ieribrane characteristics (17,19). In order to investigate the
effect of amrnionia on neural uienbranes, we tested the (Na+-K+)
ATPase activity of synaptosones prepared froin aninals submitted
to acute and sustained hyperaimonemia.

Figy. 3 shows the effect of amimonia on the Arrnenius plots
of (Na+-K+)ATPase activity. In synaptosonies froiw norual nice,
a biphasic plot was seen, with a discontinuity appearing at
23.7° €. i shift of that discontinuity towards lower tempera-
tures was seen in both acute and chronic exposure to atmonia, be-
ing greater in the synaptosones frow urease-treated nice, but
the specific activity renmained similar in all cases. "In vitro"
addition of amwonia induceyg similar changes. fihen (Na+-K+)—
ATPase of control synaptosones was assayed in the presence of b5U
Wik ammonium chloride, the break in the diagram was shifted to
17.3°C. Also, the specific enzyuwe activity was markedly re-
duced,
"

Frow these results it seeiws clear that amsionia, both “in

vivo" and "in vitro", interferes with synaptosomal mesibranes,
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Fig. 3. "In vivo", ,ang "in vitro" effects of ammonia on the Arrhe-
nius plots of {(Na -K )ATPase activity in mouse synaptosomes.

The mice received ammoniup agetate or urease as described in
Methods. Synaptosomal (Na -K )ATPase activity was assayed as
indicated."In vitro” effect of amponia was determined by asaying
control brain synaptosomal (Na ~K )ATPase in the presence of
NH,C1. Arrhenius plots were drawn from the values of enzyme V
mai at temperatures from 10-40°C. The transition temperatures
for each plot are indicated. The values are the mean *+ 5.D. of
4-6 different values from 2-3 preparations, i.e., at least twen-
ty mice.

altering their physical properties. Since the break is shifted
towards lower temperatures, the change could be interpreted as
an increase in lipid fluidity. This increase in disorder can be
translated as conformational changes in nembrane-bound
functional proteins (17).

Sone authors have related the convulsant properties of am-
monia to a direct effect on the mechanisnss regulating neuronal
excitability. 1In 1970, Lux et al. founuo that ammonia inhibited
the postsynaptic hyperpolarizing inhibition in cat spinal moto~
neurones (6), making it ineffective for the suppression of neu-
ronal excitation. This phenomenon has since been observed in a
nunber of vertebrates ana invertebrates (7,20-22), including,
more recently, the wotor cortex of the cat “"in vivo" (23). It
has been shown to depend on an ammonia-induced innibition of the
niechanisim of chloride ion extrusion (Z24). Tnis might result
from the disordering effect of ammonia on meibranes since con-

formational cnanges in the chloride punp, due to variations in
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the state of the lipid phase of the neurone nembrane, might

cause a loss in its efficiency.

Some effects of long-terw exposure to ammonia could be re-
lated to its disordering action on brain mernbranes. TIrnere 1Is
increasing evidence pointing to alterations of blood-brain
barrier permeability following portacaval shunting, a condition
leadiny to hyperamsonemia; increased perneability to different
uyes and ferric oxysacchariages (25), horseradish peroxidase (2o)
and neutral amino acids (27) nas been reported. Hepatectomized
rats dying in coma showed an increased periieability of the
blood-brain barrier to insulin, sucrose and trypan blue (Zo).
Changes in the ylial cowmpartment have also been described in the
brain of animals with urease-induced hyperarionenia which con-
sist in an alteration of glial cells nuclei accomnpanied by an
innibition of astrocyte mitosis (£9). Since there are cou-
pounds which affect both cell membranes and wicrotubuli (3U), it

is possible that amimionia could play a role in these processes.

Regardinyg the relationsnip between the protective effect of
ethanol and other alcohols on aumonia intoxication (9Y-11) and
their action on wmewbranes (l¢), an opposing action of these coui-
pounds at this level is not clearly suyygestd by our results. In
fact, since awmnionia increases renbrane fluidity in the sawme way
as alcohols do (17), an additive effect uight be expected with
both. Fig. 4 shows the "in vitro" effect of ammonia plus etha-
nol on the Arrhenius plots of synaptosomal (Na+—K+)ATPase. As
can be seen, ethanol at low doses had no effect on the transi-
tion temperature, but at nhigh doses induced a further shift to
lTower teumperatures. Therefore, it @ay be assumed from these
data that the acute cytotoxicity of amtonia is not due to a pri-

nary effect on wsienbrane fluidity.
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Fig. 4. "In vitro, effects of ammonia and ethanol on the Arrhe-
njus plots of (Na -K JATPase activity in mouse synaptosomes.
Synaptosomal {Na -K JATPase from control brains was assayed in
the presence of the stated additions. Experimental conditions
are as described in legend to Fig. 3. The results are the mean %
S.D. of 4-6 different values of ¢-3 preparations.

AT this staye, very little can be said about the nature of
the interaction of amonia with synaptosomal menwbranes. Ammonia
may exist in two equiliprium forms, anionic (HH3) and ionic
(nH+4). The first of them is a lipopnilic yas, readily dif-
fusible through piological mewbranes. If it is responsiple for
tne action on umewbranes, it is likely that it is a gaseous anes-
thetic-like effect. Anwioniunm ion wight interact with the hydro-
philic nioiety of the meuwbrane, disrupting the wolecular forces
that rule lipid-lipid or lipiu-protein interactions at this lev-
el, thereby increasing disorder and mopility. Also, amuoniunm ion
is nighly basic in nature. As the plasnic membréne is quite rich
in acidic functions (sialo glycoproteins, phospholipids, etc.)
the neutralization of them by NH4+ riay therefore induce per se

notable membrane alterations.
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