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Abstract- The acute effect of hyperammonemia (NH; blood level 0.2 mM) was evaluated in the isolated 
dog brain itI SI~U. The interference of the transmethylating system of S-adenosyl-L-methionine was 
also studied by means of infusion with S-adenosyl-r-methionine or adenosine (blood level 0.4mMi. 

The changes induced by hyperammonemia on the cerebral glu~amaru-ummoniu .s~.srw~ (pyruvate. 
r-oxoglutarate. oxaloacetate. L-alanine. L-glutamate, L-aspartate. L-glutamine. NH:) were evaluated. 
Cerebral detoxication of ammonia is connected with the formatlon of glutamine and. to a lesser extent. 
of alanine. and is balanced by a decrease in aspartate; glutamate, oxaloacetate, pyruvate and z-oxoglu- 
tarate are unmodified or slightly modified. 

Cerebral rntermediate metabolism oj glucidrs was largely activated by acute hyperammonemia. a 
marked increase in Gibbs free energy being observed. A fraction of this energy not exceeding IO 
per cent can be ascribed to the synthesis of glutamine. Hyperammonemia induced a variation of 
the resring rransmr~mhruw porerttial (as indirectly obtained by applying the Nernst equation). which 
becomes less negative. 

The glutamate-ammonia system is the most directly 

involved in the detoxication of NH: during hyperam- 

monemia syndromes. In fact. the basic event of this 

process consists in the conversion of a carboxyl acid 

into an amino acid. with ammonia uptake. The 

balance of the cerebral ammonia-detoxicating power 
must be evaluated by taking into account the changes 
occurring in the various components, as a function 
of the amount of ammonia reaching the cerebral tis- 
sue. 

Some participants in the glutamate-ammonia sys- 
tem are intrinsically connected with the intermediate 
metabolism of glucides. The relationships between 
glycolysis or Krebs’ cycle intermediates and the gluta- 
mate-ammonia system require that the investigations 
be extended to the study of hyperammonemia effects 
also at the level of cerebral energy metabolism. 

The function of cerebral cells requires a specific and 
uneven distribution of ions across the membranes. 
When present extracellularly NH; (like K’) de- 
creases the resting transmembrane potential, therefore 
bringing the potential closer to the threshold for firing 
and causing a general increase in nerve-cell excit- 
ability [l-3]. Consequently, it is also important to 
evaluate the effect induced by hyperammonemia on 
the resting transmembrane potential. 

The glutamate-ammonia system interferes with 
other biological systems of the brain, e.g. the S-adeno- 
syl-L-methionine transmethylating system. Indeed, 
S-adenosyl-L-methionine: is found under an activated 
form; it releases adenosine as a metabolic product; 
during its metabolic transformation it yields L-cys- 

teine (which. by condensating with a-oxoglutarate, 
yields mercaptopyruvate and glutamate); it is in- 
volved in the transmethylation processes affecting 
also catecholamines. 

In the present study in ciao, acute hyperammone- 
mia was induced by artificially raising the blood NH: 

concentration by infusion of ammonium acetate to 
the regional cerebral circulation. In order to eliminate 
response variations due to the different blood levels 
of the various components, the cerebral blood Row 
was kept constant during each trial. The technique 

of in situ isolated brain perfusion was used since it 
allows the proper composijion of perfusing blood, 
blood flow rate, blood oxygenation to be selected at 
will [4-143. 

By the technique of the dog brain isolated in situ. 

in this work we have investigated the effect at cerebral 
level of the acute hyperammonemia syndrome: (1) on 
the ammonia-detoxicating power; (2) on fuels. end- 
products and intermediates of the glycolytic pathway 
and citric acid cycle; (3) on the resting transmem- 
brane potential. Moreover, we have studied the inter- 
ference at cerebral level of the perfusion of S-adeno- 
syl-L-methionine or adenosine on the effect of the 
hyperammonemia syndrome. evaluated by the three 
groups of parameters indicated above. 

MATERIALS AND METHODS 

The experiments were carried out on female beagle 

dogs (aged ?4@-360 days and weighing from 12.5 to 
15.6 kg) all kept under the same environmental condi- 
tions (22 _t 1 , relative humidity = 60 + 5 per cent) 
and fed only a standard diet (Altromin Rieper) with 
water ad lib. The animals were pre-anaesthetized with 
urethane (0.4g,/kg i.p.), and the anaesthesia was in- 
duced and maintained only during the surgical pro- 
cedure by chloralose (20-40 mg/kg i.v.). The ani- 
mals were immobilized by intravenous injection of 
gallamine triethiodide (2-3 mg/kg). and artificially 
ventilated. Tjecause anaesthetics affect cerebral energy 
charge, EEG pattern was used to determine the remo- 
val of anaesthetic activity before the start of the ex- 
periment on cerebral metabolism. 
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The operati\ e procedure COllSiSkd mamly 
14.6, 11. 121 in the isolation of the external jugular 
vein and the common carotid arteries. with ligature 
of all their branches (except the internal carotid 
arteries) and of the veriebral vessels. Both of the iso- 
lated jugular veins were ligated, cannulated. and con- 
nected to the venous reservoir of the pumpoxygena- 
tar system (through the gravitatIona flow). Both of 
the isolated carotid arteries were also cannulated and 
connected to the pump-oxygenator system. The elec- 
troenc~phaIogram as well as both systemic pressure 
and cerebral perfusion pressure were recorded on 
a 1 ?-channel polygraph (Physioscript EE I?- 
Schwarzer). A 2.5 cm diameter hole was made in the 
frontoparietal area; a plastic funnel was fitted into 
the hole and the skin was tightly sutured around the 
funnel: subsequently. the plastic funnel was sealed 
with a rubber stopper and ther~l~y i~suiated. 

The brain perfusion apparatus employed consisted 
of a venous reservoir. an oxygenator with a gasmeter, 
a roller-type pump with a Howmeter. two blood filters 
(polyester staple I CL_ ” Montefibre). a perfusion pres- 
sure regulator with a manometer. a blood exchanger 
with a teiethormomctcr. and an apparatus to eiimin- 
ate blood foam [d. 6. 121. Prior to the extracorporeal 
perfusion. the pump-oxygenator system was filled 
with SO0 ml of hcparinired compatible blood. filtered 
through polyester staple and adjusted to pH 7.35 
using 1 M sodium bicarbonate. A flow of a 
OL .t CO? mixture (95:s). maintained at the rate of 
51 min-‘. was passed into the oxygenator during the 
cxtracorporeal brain perfusion. The blood flow rate 
was kept between 31 and 43 ml min ‘. the pressure 
being equal to the initial systemic pressure of the ani- 
mal. 

Ir~ducriot~ (!/ OOIIIL~ i~~,pl,r’~“z”~~)~~rnlitr. At the end of 
the preparative procedure and after an equilibration 
period, the hyperamm~~tiernia syndrome was induced 
in the dogs by infusion oi anlrnoniLlm acetate into 
the extracorporeal circuit at the initial concentration 
of 2 x lOm5 M. The level of NH: into the perfusion 
arterial blood was kept constant by the continuous 
infusion of 6.5 /*moles min- ‘. during the Xl min oTthe 
syndrome. 

To study the mtcrfercncr of S-adenosyi-L-meth- 
ionine transrnet}lylatin~ syslcm on acute hypcram- 
monemia. 20 min before inducing the hyperammone- 
mia an infusion of S-adenosyl-r-methionine or adeno- 
sine was started. S-adenosyl-r.-methionlne or adeno- 
sine were present in the perfusion circuit at the Initial 
concentration of -1 x lWJ M; during the Wmin oi 
the experiment. the!, wcrc contillil~~Lisl~- infused 
{ 1 @mole min ’ ). 

Our investigation was focused on three scrtes of 
biological ebents takmg place in brain tissue: 

(I) the NH;-detoxicating power of the glutamate- 
ammonia system; 

(2) the brain energy balance related to the tnter- 
mediate metabolism of glucides; 

(3) the resting tr~insmembrane potential, indirectly 
obtained by applying the Nernst equation. 

In order to define the effect induced by the hypcr- 
ammonemia syndrome, control values were taken as 
base values, changes (Ail’) in the parameters examined 
being calculated by difference. For statistical analysis, 
the Student t-test was used in all instances (P < 0.05). 

Ar~rrl~~ric~trl rnrrhods. For the evaluation 01’ the arter- 
ovenous differences of metabolites ;Lcross the brain. 
glucose. glutamate. glutamine. alanme, O2 and NH; 
uptake. and lactic acid formatjon were evaluated from 
simuI~ncously drawn arterial and venous blood 
samples. By continuous infusion of glucose 
(25 ptmoles min- ‘) to the venous reservoir. the glucose 
concentration in the blood was kept at a constant 
level. For the evaluation of metabolites in brain. at 
the set time the motor area of the cortex was frozen 
itl situ by pouring liquid nitrogen into the plastic fun- 
nel fitted into the cranial vault. The cortical portion 
of the frozen brain was cut and removed using a 
rotating cold hollow tube during contrnuous irriga- 
tion with liquid nitrogen. The frozen cerebral tissue 
was then immersed into liquid nitrogen for I@ I5 min 
and quickly (34 see) powdered by a preeooled auto- 
matic apparatus (Mjcrodismembrator Braun) using 
frozen 1.23 M perchloric acid. The subsequent steps of 
the analytical procedure were carried out in a cooled 
box at c-5’ until a perchlorate-free extract was 
obtained [ 151, Metabolites were determined by cnzy- 
matic techniques: alanine [ 16J ; NH; [ 173; aspartatc 
[IX]; citrate [19]; glycogen [ZO]; glucose [21]: gluta- 
mate [2J; glutamine [23]; lactate [24]; malate [r’5]: 
r-oxoglutarate 1263: O2 [77]: pyruvatc [2X]: ATP 
[-?!I]; ADP [XI]: AMP 1301. phosphocreatine [71 1. 
The oxaloacetato concentration was calculated from 
the formula: 

where K,,, and KMDH are the equilibrium constants 
of lactutt, drhydrogmaw and mdrctc d&drogrnusc~. 

respectively [32]. 
~l~~ll~~i;ot~ qf’ th<* ,VH; -d~~ro~i~{lzit?~~ pmwr o$ tk 

(lilctanlati,-atninorriu systcw. This evaluation was 
obtained from the balance of variations in the artero- 
venous levels and/or in the cerebral concentrations 
of NH;. carboxyl acid (r-oxoglutarate. pyruvate. ox- 
aloacetate) and amino acids (L-glutamate, L-alanine. 
t,-aspartate, L-glutamine). 

The calculated changes (A’) induced by ammo~iium 
acetate were: (i) A’CU = change in Crr&rul t:pfuLl~ 
@moles g- ’ min ’ 1 

where: 

A’CU = CBF x AAV: CBF = Cerebral Blood Flow 
(ml min -I g- ‘); AAV = ArteroVenous differences 
(nmoies ml- ‘) of metabofites across the brain; 

(ii) A’CTC = change in C~c~hrnt Tisszrlur C’or~a~- 
rrutitrtr (nmoles g. ’ min-’ ) 6’CTC = (CTC,,, -- 
CTC,,,,). i _ ’ where: CTC,,,,, = cerebral tissular con- 
centrations (nmoles g _ ’ ) of metabolites after 
ammonium acetate perfusion; CTC,,,,, = cerebral tis- 
sular concentrations (nmoles gg’) of metabolites in 
control conditions; t = time (min): (iii) A’CMR = 
change in Cc~brul :~i~~ra~ul~c Rutr @moles g- I 
min- ‘) A’CMR = A’CU - ATTC; (iv) A’CMZR,,; = 
change in C’uvhral Metabolizing Rate for NH: 
(nmoles g-’ min-‘) A’CMZR,,; = A’CTC,,,,,,,,, f 
A’CTC.,,,,,,:,,, + A’mC,,,,,,,, + =‘CT’&t,,i,,; (v) 
~V$~VH: - - Metaholi_zing Powr Index for NH; 

NH; = (b’CMZR..;)i(A’CMR.,;). 
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Computation of cerebral energy change by NH:. 
This evaluation was obtained from the balance of 
variations in the arterovenous levels and/or in the 
cerebral concentrations of fuels (e.g. glucose, gly- 
cogen), of intermediates (e.g. pyruvate) and end-pro- 
ducts (e.g. lactate, oxaloacetate) related to the cerebral 
metabolism of glucides. 

The calculated changes (A’) induced by ammonium 
acetate were: 
(i) A’CU = change in Cerebral Uptake (nmoles g- ’ 
min-‘) A’CU = CBF (ml min-’ g-‘) x AAV 
(nmoles ml- I); (ii) A’CTC = change in Cerebral Tis- 
s&r Concwtrution (nmoles g- ’ min-‘) ACTC = 
[CTC,,,(nmoles g ’ ) - CTC,,,,(nmoIes s-‘)I. 
t-‘(min); (iii) A’CMR = change in Cerebral Meta- 
bolic Rate (nmoles g-’ min-‘) A’CMR = A’CU - 
A’CTC; (iv) A’CAnMR,,,,,,, = change in Cerebral 
Anaerobic Metabolic Rate .fbr the glucose units 
(nmoles g- ’ min ’ ) 

A’CAnMR,,,,,,, = -0.5 A’CMR,,,,,,, 

where: 

A’CMR,,,,,,, = change in Cerebral Metabolic Ratefor 
lactate. In fact each mole of glucose (or of glucosyl 
unit derived from glycogen) anaerobically yields 2 
moles of lactate; (v) A’CAeMR,,,,,,, = change 
in Cewbrul Aerobic Metabolic Rate for glucose 
(nmoles g- ’ min- ‘) A’CAeMR,,,,,,, = A’CMR,,,,,,, + 

A’CMR,,,,,,,, - A’CAnMR,,,,,,,; (vi) A’[AG”] = 
change in the Cerebral free energy (meal g- 1 min- ’ ). 

In fact. for the measurement of the energy change 
induced by NH,’ in the brain system, we used the 
function AC or Gibbs free energy. To further simplify 
actual numerical computations. we used the standard 
free energy change (AG ‘). assuming the value of 
-47 kcal mol- ’ for the reduction of glucose to lac- 
tate. and the value of -686 kcal mol- ’ for the oxi- 
dation of glucose to Hz0 and CO,. The computated 
values of free energy change should be regarded as 

r&rice and utilized only for the evaluation of the 
changes (A’) occurring between the control condition 
and the NH:-induced condition: A’(AG ‘). 

Computation of the rrsting rran.smrmhrune polential. 
For the indirect calculation of the resting transmem- 
brane potential (E,,) we used the Nernst equation: 

where: R = gas law constant (I .9X7 cal mol- ’ deg- ‘)I 
T = absolute temperature; F = Faraday constant 
(23.061 cal.vol-’ cquiv-I): r = 0.2. 

The subscripts int and ezr refer to intracellular and 
extracellular concentrations, respectively; a is the per- 
meability of NH,’ relative to K’ (2). The blood 
[NH;] and [K’] were used as an approximation 
of those existing in brain extracellular fluid [33]. In 
this case. the NH:-induced variations in the restmg 
transmembrane potential as calculated by the Nernst 
equation [33] agree with actual direct measurements 
made on cat motor neurons and squid giant axons 
c2,31. 

RESL LTS 

Ammonium acetate (0.2 mM in the cerebral perfus- 
ing blood) causes a derangement in the components 
of the cerebral glutamate--ammoniu system (Table I). 
i.e. a significant increase in glutamine and alanine, 
and a significant decrease of both aspartate and ox- 
aloacetate, while glutamate. pyruvate and g-oxoglu- 
tarate remain unchanged. As shown in Table 2, 
ammonia detoxication is brought about by glutamine 
and, to a lesser degree, by alanine. Concurrently, the 
detoxicating role of glutamate and aspartate becomes 
less important, probably due to the amidation of glu- 
tamate to glutamine. 

Table 2 shows that adenosine perfusion (0.4 mM) 
does not remarkably modify the ammonium-detoxi- 

Table I. Action of ammonium acetate (added to the cerebral perfusing blood: 2 x IO-“ M) on some components 
of the ylurarnatr ammonia system evaluated in cerebral tissue and by arterovenous differences across the brain 

0 23 * 0.04 0.42 + OOle 044 0020 * 039 * U03. 
IO 20 2 0.41 1009 + 032 1012+011 1006 006 f 
5 43 f 0.08 6.29 0 0% + 651 0120 _r 6.3s + 007. 

0435 * 0.01 I 0585 + 00110 0 595 0 1X)7@ * Oh35 + 0017.A 

Concentratmn ,n bran 

pm&s g- ’ 0.199 * 0013 0 192 k 0006 0.202 * 0003 0 1Y5 I 0007 
254+010 193 +004. I X0 f 0 06@ I 80 * 0 10. 

O.lM) * 0.008 0104*0004 0 I02 0.003 * 0 103 0002 k 
nmoles g- ’ 33 *02 27 * 0.1. 25 t 0.10 2XiOl. 

* The values are means (+ standard errors) of six preparations of beagle dog. The symbol (0) indicates the statistical 
significance as compared with control condition: (b), (c) and (6) versus (a). The symbol (A) in the hyperammonemic 
animals indicates the statistical significance as compared with dogs not infused by S-adenosyl+methionine or adenosine: 
(c) and (d) versus (b). Level of statistical significance: P c 0.05. 
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Table 2. Changes (A’) induced by ammomum acetate (added to cerebral perfusing blood: 2 x IO a M) 
on the gluramafeammonia system of the brain as compared with control condition 

A CTC ACMR 

nmoler g rnln ’ 

.4 (‘MZR,,,~ Mctahohnnp 
Poucr lndcr 
lor NH; 

* The calculated parameters are: A’CU = change on Cerebral Uptake: A’CTC = change on Cerebral 
Tissular Concentration: A’CMR = A’CU - A’CTC = change on Cerebral Metabolic Rate: 
A CMZR,“; = change on Cerebral Metabolizmg Rate for NH; 

The symbol (0) indicates the statistical significance (P < 0.05) as compared with perfuslon wlthout 
S-adenosyl-L-methionine or adenosine: (h) and (c) versus (a) 

Table 3. Actionof ammonium acetate (added to the cerebral perfusing blood: 2 x 10e4 M) on some parameters related 

to the glucidic metabolism and evaluated in cerebral tissue and by arterovenous differences across the brain* 

* The values are means (i standard errors) of six preparations. The symbol (0) indicates the statistical significance 
as compared with control condition: (b). (c) and (d) versus (a). The symbol (A) in the hyperammonetmic animals 
indicates the statistical significance as compared with dogs not infused by S-adenosyl-L-methionine or adenosine: (c) and 
(d) versus (b). Level of statistical significance: P < 0.05. 
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Table 4. Changes (A’) induced by ammonium acetate (added to the cerebral perfusing blood: 2 x 10m4 M) on some 
parameters related to the glucidic metabolism of the brain as compared with control condition* 

ACU KCTC A’CMR &CAnMR *I”.,., bCAeMR *,uu,., b(AC I 

Metabohtr nmoles g- ’ manm ’ meal g- ’ ml” ’ “0 

CJlucose t37 +hl -24 

Glycogen -6X +6X fli -755 x3 

Lactate -37 + 29 -66 ill -I 55 11 

(01 TOtal -9 IO I(* 

S-Adenosyk Gl”COS? + 34 +42a ma* 

methmmne GlyCOgtYl - 520 +52. + IK@ -12350 910 

(4 x IO-“MI Lactate -36 +16b -520 + 260 - I 22* 90 

(h) Total -1357. loo 

Adenosmc Gl”COS? f4O fS2 -I?. 

(4 x IO-‘M) Glycogen -57 +51 +13 -X9? X6 

Lactate -43 +?I -64 +3: -I 50 14 

* The calculated parameters (see also Materials and Methods) are: 
A’CU = change on Cerebral Uptake; A’CTC = change on Cerebral Tissular Concentration; A’CMR = A’CU - 
A’CTC = change on Cerebral Metabolic Rate; A’CAnMR,,,,,,, = -0.5 (A’CMR ,ac,J = change on Cerebral Anaerobic 
Metabolic Rate for glucose; A’CAeMR,,,,,,, = A’CMR,,,,,,, + A’CMR,,,,,,, 
Aerobic Metabolic Rate for glucose; A’(AG”) = change on Gibbs free energy. 

- A’CAnMR,,,,,,, = change on Cerebral 

The symbol (0) indicates the statistical significance as compared with perfusion without S-adenosyl-L-methionine 
or adenosine: (h) and (c) versus (a). Level of statistical significance: P i 0.05. 

eating power of brain tissue, whereas the perfusion 

with S-adenosyl-L-methionine (0.4 mM) increases the 
metabolization of NH:. This is caused by a higher 
ammonium-detoxicating power of glutamine matched 
by a decrease in that of aspartate. The ratio between 
ammonium-detoxicating power and ammonia meta- 
bolic rate (the Metabolizing Power Index for NH;) 
is always very close to 1. This index, in fact. has a 
value of 0.94 in hyperammonemia. and values of 0.98 
or 0.94 in the hyperammonemia developing during 
perfusion with S-adenosyl-L-methionine or adenosine. 
respectively. 

Ammonium acetate induces a significant increase 
both in glucose uptake and in the formation of lac- 

tate. while 0, uptake is not significantly increased 
(Table 3). At cerebral level, an increase in the concen- 
trations of glucose and lactate can be observed. while 
a glycogen depletion occurs and tissular levels of pyr- 
uvate remain unchanged. There were no NH:- 
induced modifications in the concentrations of ATP, 
ADP, AMP and creatine phosphate, indicating no 
change in the phosphorylation state of the adenine 
nucleotides in the brain. Computations quoted in 
Table 4 show that hyperammonemia induces a 
remarkable increase in the Gibbs free energy. The in- 
tervention of S-adenosyl-L-methionine increases the 
Gibbs free energy change by displacing the increased 
metabolism of glucides towards aerobic degradation. 

Table 5. Action of ammonium acetate (added to cerebra1 perfusing blood: 2 x lO-4 M) on some parameters related 
to the resting transmembrane potential and evaluated both in arterial blood and in cerebral tissue.* 

Perruslon wth ammO”l”m acetate arter and 

durmg the mfuaon wth 

_ 

(0) 

S-Adenosyl-L- 
methmnme 

(4 x 10m4MI 

(hl 

Adenosme 
(4 x IO-‘MI 

(Cl 

K. artenal 412+016 471 * 003@ 48X +004. 4.77 i 0 030 
K * cerebral 1201 15 f 116.5 _+ 0 5 II42 _+ 04 1164_+04 

NH; artenal fimoles g- ’ 0.022 f 0.003 0214 k0007. 0226 + OWla 0.22l + 0 004. 

NH: cerebral 0.23 * 004 042 + 001. 044 i 0020 0 39 ; 0.03. 

Calculated restmg 

transmembrane patent~al mV -90.88 I.26 + 

The resting transmembrane potential was calculated as: 

-8620 + 0630 -X463 i_ 0280 -x579 *017. 

W-l,,, + ~[NH;l,,, 
\ + r[NH;],,,, ’ 

where the subscripts int and ext refer to intracellular (cerebral) and extracellular (arterial) concentration respectively, 
and a is the permeability of NH; relative to K’. 

* The values are means (rt standard errors) of six preparations of beagle dog. The symbol (0) indicates the statistical 
significance as compared with control condition. The symbol (A) in hyperammonemic dogs indicates the statistical 
significance as compared with animal not infused by S-adenosyl-L-methionine or adenosine: (c) and (a) versus (b). 
Level of statistical significance: P < 0.05. 



Table 6. Energy required for glutamine production 

0 Data from Table 7. 
00 Data from Table 4. 

Hyperammonemia makes the vrstirty ~~~~.stnem- 
hrme pofwtial. Indirectly obtained by applying the 
Nernst equation. less negative (Table 5). The extent 
of this event is slightly increased by the cerebral per- 
fusion with S-adenosyl-L.-methionine and. to a lesser 
degree. with adenosine. 

DISCL:SSION 

As proposed also on the basis of previous studies. 
the increase in glutamine synthesis represents the 
major mechanism in ummorria &to.uicurion. In fact. 
in cat brain “N from [‘~~J~moniurn acetate was 
found to be preferentiaity incorporated into the 
amino group of glutamine. as compared with the 
amino group of glutamate [34]. Furthermore. in the 
presence of an increased level of ammonia, in the 
brain cortex of the cat the specific activity of tissue 
“CO2 for glutamine increased without a correspond- 
ing decrease in specific activities for glutamate or 
aspartate 1351. In agreement with the results obtained 
rn rat brain 1331 frozen within 1 set by the brain- 
freezer 1361. in the present study the NH:-induced 
alteration in the glutamate--ammonia system of the 
motor area of dog brain cortex suggests (Tabfe 2) 
that : (1) the cerebral metabolizing rate for NH: was 
tncreascd; (7) much NH; was incorporated into glu- 
tamine and a lesser amount into aianine; (3) the NH; 
-induced change in tho cerebral metabolic rate of glu- 
tamate. oxaloacetate. pyruvate and r-oxoglutarate 
was negliglblc: (3) the cerebral metabolic rate 01 
aspartatc was decreased; (5) pretreatment with 
S-ader~osyl-L-mcthionjn~ produced an increase in the 
NH~-induced synthesis of extra glutamine. Such a 
result confirms irl t‘tt’~ that the glutamate--ammonia 
system forms an integral whole 1373 in which fluctua- 
tions in the value of one component. such as 

ammonia. are compensated by corresponding fluctua- 
tions in the values of other components. At any rate, 
rhe glutamate ammonia system plays a regulatory 
role in the cerebral process of NH: detoxi~ation. In- 
deed. the metabolizing power tndex for NH; respect- 
ively showed a value of O.Y4 during the hyperam- 
monemia syndrome. and values of 0.98 or 0.94 during 
the hyperammonemia syndrome elicited in the course 
of the brain perfusion with S-adenosyl-L-methionine 
or adenosinc. 

The j~t~~~~~~}~~~, yf S-adr,~os~i-L-mefilionine on 
NH: detoxication is probably related to the forma- 
tion of L-cysteine and its subsequent condensation 
with a-oxoglutarate to form mercaptopyruvate and 
glutamate, which may then be further converted to 
glutamine. In fact 4adenosyLL-methionine provides 
the methyl groups to the acceptors (38) with the for- 

mation of S-adenosyl-L-homocysteinc which is 
cleaved to L-homocysteine and adenosinc: L-homo- 
cysteine may then undergo remethylation to L-meth- 
ionine or enter the transsulfuration pathway with the 
formation of L-cysteine 139.403. Although in the 
present research no attention was directed to the 
problem of the blood--brain barrier penetration of the 
substance. it should be noted that the lOOmg/kg i.v. 
injection of S-adenosyl-L-methioninc in rats induces 
the 100 per cent increase of the substance in the brain 
within 5 min. S-adenosyk-methionine i.v. injected to 
the rat, rabbit and man exhibits a f,,,,, of about 
40 min for rats and rabbits, and of 80 min for man 
E42.431. We suggest that the interference of S-adeno- 
syl-L-methionine on cerebral NH; dctox1cation 1s 
probably related to Its increased corebral conccn- 
tration. which in our experimental model was induced 
by the direct infusion of the substance into cerebral 
circulation. 

As for the probiem of the change induced by NH,i 
on cerebral tmqvrics, the view that N Hj’ interferes 
with “high-energy bond” phosphate seems unlikely. 
In fact, in agreement with the results obtained In rat 
brain [33.41]. in the present research adcnine nucleo- 
tides concentration was unchanged. indicating no dc- 
crease in the phosphorylation state of the brain dur- 
ing acute hyperammonemia. On the contrary, we 
observed a significant increase of Gibbs free energy 
(Table 4) that can be utilized by ;I process which 
occurred as a consequence of lncreascd [NH;]. such 
as: incorporation of NH: Into glutaminc. mcreasc 
of amino acids transport to the brain. or tonic effects 
of ammonia. 

As for NH; ln~orporati(~ll Into glutamlne. tn thv 
amidation reaction catalyzed by ~~~~~~~~~}2~/7~~ s~.t~ri~tr.w 

the free standard energy expenditure is 7 kcal mol ‘. 
depending on the transformation of ATP to ADP. 
However, during glucose degradation, energy is trans- 
duced into ATP with a yield of 36 per cent. Thcrcforc. 
in order to perform the amidation reaction a gross 
energy expenditure of approximaIeiy 19.5 kcal 
moles- ’ should be computed. By taking into account 
the values of glutamine productlon. the gross energy 
required for this production, under the various experi- 
mental conditions, can be calculated. The data sum- 
marized in Table 6 clearly- show that the amount ol 
energy required for the amidation of glutamate to glu- 

tamine is much lower than the change of Gibbs free 
energy caused by the hyperammonemia syndrome. 

As for the increase in the amino acid transport to 
the cerebral tissue, it should be noted that the NH:- 
induced changes in the uptake of glutamate. gluta- 
mine and alanine (Table 2) across the brain are negli- 
gible. This observation can not lead to an) conclusive 
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data. because other amino acids may be carried to 
the brain and converted by the cerebral tissue. In fact 

in the blood-brain barrier there is one carrier for neu- 
tral amino acids and one for basic amino acids that 
can, for their transported substances, compete suc- 
cessfully against even strong hydrogen bonding to 
plasma water [44]. 

An ammonia-induced decrease in the resting trans- 
membrane potential of about 4.5 to 6.0 mV was calcu- 
lated from the Nernst equation in our various experi- 
mental conditions at an NH: blood level of 0.2mM. 

In brain of ammonium acetate injected rats. with an 

NHf arterial blood of 1.7 mM (33). a decrease in the 
resting transmembrane potential of about 15 mV was 
indirectly calculated. This agrees with actual direct 
measurements made in cat motor neurons and squid 
giant axons. indicating that NH; decreases the rest- 
ing transmembrane potential, therefore bringing the 
potential closer to the threshold for firing [l-3]; 
S-adenosyl-L-methionine seems to magnify this de- 
crease. In cerebral tissue, NH; may exchange with 
K+ 1451, a K+ efflux from brain being induced. In 
fact, after 20 min period of constant 0.2 mM 
ammonium acetate infusion, plasma [K’] rose from 
4.1 to 4.7 pmoles g- I, while cerebral [K ‘1 decreased 
from 120.1 to 116.5~moles gg’. According to the 
result obtained in rat brain (33). it may be suggested 
that the increased [NH;] and the resulting rise in 
[K+] may account. at least in part, for the changed 
metabolic rate. This action could be brought about 
by the activation of Na’-. KS-stimulated adenosine 
triphosphatase activity 1461. The stimulation of brain 
oxidative metabolic rate is proportionately related to 
plasma [NH:]. In fact, in rat with I .74 mM plasma 
[NH:]. the brain oxygen uptake increased by 27.2 
per cent [33], while in the present experiment in 
beagle dog with 0.2 mM plasma [NH;]. the brain 
oxygen uptake increased only by 5.5 per cent. Glu- 
cose, glycogen and lactate cerebral utilization or pro- 
duction increased quite proportionately in the two 
quoted experimental conditions, indicating the impor- 
tant role of NH; on the cerebral metabolic and 
detoxicating processes. involving also the ionic dyna- 
mic state. 
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