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ABSTRACT

Clinical, laboratorial, morphologic and magnetic resonance imaging (MRI) observations indicate accumulation of paramagnetic
substance (manganese - Mn and/or copper - Cu) in the brain of patients with hepatoencephalopathy (HE). Pallidal index (PI) -
semi-quantitative indicator of brain manganese concentration in vivo is calculated as a ratio of globus pallidus to subcortical
frontal white matter signal intensity in sagittal T1-weighted MRI planes multiplied by 100. Signal intensity in other regions of the
brain (putamen, subthalamic area, amygdala etc.) also represents an area of interest. Significant correlations have been shown
between blood Mn content, liver enzyme activity, brain MRI changes and signs of parkinsonism in cirrhotic patients. Recently it
has been showed that in the diagnostics of HE psychometric tests are as valuable as neuroimaging. The goal of our study was
to reveal correlations between signal intensity and severity of HE measured by number connection test part - A. The signal
intensity was defined in the areas of globus pallidus, putamen and prefrontal white matter. Some correlations were calculated
between PIl, HE degree and in blood and 24 hour urine manganese and copper contents. The study covered 17 patients
suffering from HE. Hyperintense T1 signal was revealed in all 17 cases. Maximal signal intensity was obtained in the pallidal
area, less - in putamen and very low - in the prefrontal white matter. The brain manganese deposition is explained by the
following hypothesis: hyperammonemia and lack of substrate - glutamate leads to the saturation and decrease of
glutaminesynthetase activity. Imbalance in the distribution of metal co-enzyme Mn ions in mitochondria and cytosol occurs.
Needless and thus unused free manganese ions released from mitochondria in cytosol, accumulate and create paramagnetic
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deposits.
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epatoencephalopathy (HE) presents partially
H reversible neuro-psychiatric syndrome  which

develops in the patients with damaged liver
function. Etiopathogenetic factors and mechanisms have
not been defined vyet, though recently two toxic
substances have been detected: ammonium and
manganese metabolic abnormality of which is considered
to be the cause of HE [5,10]. The disturbance of ammonia
metabolism in inflicted by decreased detoxifying function
of liver and bile secretion. Resulted hyperammoniemia
contributes to the entrance of ammonium to the brain
where it will be converted into glutamate due to the
glutaminsynthetase. This process takes place only in
astrocytes. They are mainly located in the basal ganglia.
After the introduction of magnetic resonance imaging it
become known that liver disfunction leads to the T1-signal
hyperintensity in the brain, particularly, in pallidal area in
50-75% of patients [4,11,12]. The same can be noticed
in the brain MRI of patients chronically intoxicated by Mn
[13], long-term parenteral nutrition [14], and among
manganic mine workers [15]. Excess amount of Mn and Cu
was defined in the brain, pallidal area, putamen and
white-matter areas of the patients who died from HE.

On the bases of the above-mentioned data, it was
proposed that disturbances in the metabolism of Mn plays
significant role in HE pathogenesis. The aim of our study
was to tie up the given theories with the view to explain
pathogenesis of HE (ammonia, Mn, edema etc.).

MATERIALS AND METHODS

17 patients suffering from chronic He (12 men and 5
women aged 22-53) were investigated in the developed
chronic hepatoencephalopathy, among them were people
with alcho-cirrhosis - 5, Wilson disease - 2, the rest cases
of cirrhosis were of combined etiology (alcoholic, viral).
Patients with cirrhosis gave written consent. Those having
l-IV  degree hepatoencephalopathy, acute gastro-
intestinal hemorrhage and spontaneous bacterial

peritonitis, were excluded during the period of 7 last
days; non-liver acute diseases such as heart failure,
pulmonary insufficiency, decompensated diabetes mellitus
and also the patients treated with narcotics, sedative
anesthetics and antidepressants, - during the period of 7
last days, were excluded.

Control group consisted of 15 practically healthy people,
who did not suffer from liver disease and from all the
above-mentioned pathologies (in most cases students and
workers of Radiology Institute). All study subjects had
consultations with a physician and a neurologist, had
laboratory  biochemical  analysis  (urine,  glucose,
coagulogram, creatinin, C-peptide, bilirubin, ALT, AST,
GGT, protein, albumin, globulin, cholesterin, high and low
density lipoproteins, K and Na). We detected manganese
and copper in blood serum and 24 hour urine, performed
ultrasonographic and dopplerographic examinations of
abdominal cavity, fibrogastroscopy and CT (determined
severity of cirrhosis by examination of oesophagial veins),
Brain MRT, phsychometric tests, number connection test - A,
mental status evaluation by West-Haven criterion.

RESULTS AND DISCUSSION

1. Maximal signal intensity is noted in pallidal area (max,
min, average), less in putamen and the lowest in the pre-
frontal white matter.

2. The degree of HE severity, defined by means of
number connection test - A, correlates with pallidal
hyperintensity and blood manganese and 24 hour urine
Cu content.

3. In two cases of umbilical vein recanalization, the
intensity remains unchanged or even increases gradually.
Thus Proceedings from our study, maximal intensity of
signal (accordingly, accumulation of Mn) is detected in
pallidal area [2,16], then in putamen and finally in pre-
frontal white matter.
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The HE degree of severity, defined on the bases of
number connection test - A, reveals correlation with
pallidal signal hyperintensity with the concentration of Mn
in blood and Cu in 24 hour urine.

These indications are in confirmity with data given by
other scientists [1,4,5,17], prove the central role of
pallidal area in toxin metabolism. Our data coincide with
the results of H. lhara who has determined the presence
of Mn, Cu and other paramagnetic substances in the brain
tissue obtained from the patients who died due to
cirrhosis. Pallidal area of the brain is mostly affected by
Mn intoxication [15]. The absence of hemato-encephalic
barier in those areas [18] greatly contributes to the
accumulation  of  excito-toxins in  basal ganglia.
Glutaminsynthetase in the brain is placed only in

astrocytes, located between cerebral capillaries and
neurons. They act as metabolic trap for catching ammonia
in the blood and convert it into non-toxic glutamine [19].
Metal co-enzyme manganese is needed for this reaction.

Fig.1 Maximal signal intensity in pallidal area, less - in
putamen and the lowest in the pre-frontal white matter.

Hyperammoniemia increases activity of glutamate
synthetase (when concentration of ammonia in blood
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enzyme is completely saturated, and further increase of
ammonia concentration to 1,3 mml/g causes complete
inhibition of enzyme [19]. There seems to be an impression
that major cause of decrease of glutamine synthetase
activity is hyperammoniemia, which varies in range of 0,9
- 1,3 mml/g. According to Michaelis-Menten law, activity
of glutamine synthetase by this time should be 79-84% of
its maximal activity. However, we found out that, even
when concentration of substrate ammonia reaches the
level necessary for the enzyme saturation, in vivo activity
of glutamine synthetase is only 2% of similar indicator in
vitro [20]. Accordingly, the inhibition of glutamine
synthetase in vivo is caused not only by hyperammoniemia
but also because of other factors. These factors are: the
decreased concentration of glutamate in astrocyte, sub-
saturation level of ATP in situ and modulator activity of
metal - ion - cofactor Mn (ll) [21]. Regulation of glutamine
synthetase activity in brain is not regulated by negative
feedback mechanism (inhibition by product), like in every
other tissue [22,23], but by the Mn(ll) ion saturation level
(Meister A. 1974). In mammalian cells, manganese is in
micromolar amount. It actively binds to glutamine
synthetase and activates it in vivo and this bond is rapidly
reversible [24]. In normal conditions, Mn(ll) ion
concentration in cytoplasm and mitochondria of astrocyte
is 30-40% and 60-70% respectively. Concentration of
Mn(ll) ions in cytoplasm corresponds to level needed for
half saturation of glutamine synthetase, which is ideal
condition for that, slight change in Mn(ll) ion concentration
will cause directly proportional change of glutamine
synthetase activity [25]. In cytoplasm, change of Mn(ll) ion
concentration is caused by neurochemical signal, which are
free Ca(ll) ions [25]. Intracellular concentration of the
latest, increases by release from deposits that is
stimulated by increase in extracellular L-glutamate
concentration. Stimulation occurs by ATP and is dose
related. ATP stimulates release of excitatory amino acid
(L-glutamate) from astrocyte in the way of Ca(ll)

dependant transport and sensitive to anion (Cl
reaches 0,4-0,9 mml/g) at the same time concentration of P . P (<
S N i transportation [26].
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Fig.2 Correlation of PI to prothrombin.
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To sum, Pathologic processes in the cytoplasm of
astrocytes, which cause accumulation of Mn(ll) and Mn(lll)
their product) are represented in the following way:
hyperammoniemia, caused by increased superficial
permeability of blood brain barrier to ammonia, provides
entry of high concentrations of ammonia into astrocytes.
In response, glutamine-synthetase is activated: high
concentration of L-glutamate outside the cell stimulated
by ATP and by Ca(ll) dependent way, because of
effecting glutamate receptors on plasma membrane,
causes stimulation of Ca(ll) ion release into cytoplasm of
astrocyte that provides transport of Mn(ll) free ions from
mitochondria into cytoplasm. As a result, glutamate
synthetase is activated and big amount of glutamine is
produced. The later attracts water - and osmotic
homeostasis is disturbed. To regain homeostasis osmolites
(myo-inositol and choline) are released from astrocytes.
On the other hand, release of Ca(ll) ions increases further
release of L-glutamate from the cell. Because of lack of
substrate glutamate, activity of glutamine synthetase
decreases significantly. In response to Ca(ll) ion signal,
movement of Mn(ll) ions from mitochondria to cytoplasm
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continues. Deposit of manganese is produced, which
clinically manifests with manganese accumulation
symptoms, and on T1-weighted image of MRl is expressed
as hyperactive signal.

CONCLUSIONS

1. Ammonia stops functioning in the brain owing to
glutamate-synthetase enzyme in astrocytes. Mn-
component is necessary to make glutamate operate.
Having hyperammonia in the brain the increased
amount of ammonia transits. This makes ammonia's
affect less active. As a result of this, released ions of
Mn locate in astrocytes and inflict T1 signal
hyperintensity.

2. T1 signal intensity is maximal in the pallidal areq,
then in cortex and finally in the white matter of brain.

3. For the diagnosis of hepatoencephalopathy
psychometric test's cost (value) is equal to MRT test.
Number connection test - A is in correlation with the
severe degree of hepatoencephalopathy and with
the signal intensity in the pallidal area.
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CpaBHHUTeJbHAS OLIEHKA TMMIEPUHTEHCHBHOCTH CUTHAJIA B MAJTHIAPHBIX
CTPYKTYpax 00JIbHBIX HUPPO30M NEUYEeHH

Teumypasz Kooya, Kemesan Jlawxu, Mamyxa I ypeenuose, Teiimypaz Hocenuanu, Maiia
Menapuose, Maxa Moucypanuweunu, Huno llepsawuosze, Cogho Jlobocanuosze

ToOunucckuit rocynapcTBEHHBIN MeqUIIMHCKUH yHIUBepcuTeT, HUU menumnmHcko# pagnonorun, ['py3us

PE3IOME

KnuHuko-nabopaTopHble, MOPdOnornyeckne n MarHuTHo-pesoHaHcHble (MP) nccnenoBaHvs ykasblBaloT Ha Hanuune Aeno3vTos
napamarHeTuyeckux Bellects (MapraHua - Mn w/unu megm - Cu) B ronoBHoM Mo3re GombHbIX renatoaHuedanonatven (3).
COOTHOLLEHNE VHTEHCUBHOCTY NanuaapHOro curHana ¢ MHTEHCUMBHOCTBIO curHana Genoro BelectBa npedpoHTanbHon obnacty,
ymMHOXeHHoe Ha 100, saBnseTtca nanupgapHbiM uHAekcom (MA), KOTOpbIi OAHOBPEMEHHO SBMSETCH MOMYKONMYECTBEHHbIM
rnokasaTteneM cofepxaHusi mapraHua B mo3sre. [MnepvHTEHCMBHOCTb CUrHana oTmedvaeTcs BO Bcex obnacTsix mosra (ckoprnyna,
cybtanamuyeckas obnactb, MUHAANEBUAHBIV Wap, U Ap.) U COOTBETCTBYET 3KCTpPanMpaMuaHbIM HapylleHnsm, Habnogaembiv y
60nbHbIX LLMPPO30M U MaHraHM3MoM. BeisiBneHa koppensauus Mexay CoAepXaHneM mapraHua B KPOBW, aKTVBHOCTbLIO NMEYEHOYHbIX
depmeHToB, MPT wn3MeHeHMsMM U nNpu3HakaMu NapKMHCOHM3Ma Yy OOfbHbIX LMPPO30M. [loka3aHo, YTO 4YyBCTBUTENbHOCTb
NCUXOMETPUYECKNX TECTOB B BbiSBNeHNM 'O paBHOLEHHA MeToAaM HewpoBudyanusaumu. Llenb paboTsl - BbISBUTE KOPPENsALmio
MeXAy VHTEHCUBHOCTbIO CUrHamna u CTeneHbio TshxecTu 'O ¢ NomoLLblo TecTa coeAnHeHnsa umdp (YacTb—A). MMneprHTeHCUBHOCTb
curHana dukcmpoBanu B Tpex obnacTsax: 6neaHoro wapa, ckopnynbl U NpedpoHTanbHOW Yactu 6enoro BellecTBa. YuutbiBanu
koppensuun mexay M, ctenenbto D, coogepxaHuem MapraHua M Meau B KPOBWM M CyTOYHOM Moue. Bbino obcnepoBaHo 17
6onbHbIX 3. 'MNnepuHTeHcnBHOCTL curHana T1 Gbina Bo Beex 17 cnyyvasx. MakcumanbHas MUHTEHCUBHOCTbL OTMevanack B obnactu
6negHoro Lwapa, CpaBHWUTENbHO MeHblUasi B CKOpPryrne W O4eHb HWU3Kas - B npedpoHTanbHOM 4acTu 6Genoro BelyecTsa.
CcopmynumpoBaHa runotesa, 0ObsACHsiOWAA obpasoBaHWe [eno3nTOB MapraHua B Mosre 6onbHbix [Q: B ycrnoBusix
runepaMMoHveMun n geduumuta cybetparta - rnTamaTa NpoNCXoAUT caTypauns U NOHWKEHUe aKTUBHOCTW MMIOTAMUHCUHTETa3bI.
HapylwaeTcs 6anaHc pacnpegeneHvst MOHOB KO-pepMeHTa - MapraHua B MUTOXOHAPWN U LMTo30Me acTpoumToB. CBOGOAHBIE NOHbI
Mn*" aKkyMynMpyIOTCS U CO3AAI0T NapamMarHUTHbIE 1eMo3NThI.

KuroueBEle cJoBa: quppo3 I[IedYeHM, I’eHaTOSHHed)aJ‘[OHaTMH, rnapaMarHeTmdyeCKre BemecTBa, MapIlrasHelr,
mMene, HaﬂMﬂapHBUZ MHIJEeKC
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